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PREFACE. 



This little treatise, like the Author's 'Introductory Text- 
Book of Geology/ is intended to convey in a simple but sys- 
tematic manner the leading facts of the science to which it 
relates. The learner is not troubled with masses of details 
which it is impossible for him to remember, nor is he de- 
terred from the study of a most interesting and important 
branch of knowledge by an array of astronomical, geological, 
and meteorological dSita, which, while they bear but distantly 
on his subject, are altogether unneed^d^at this stage of his 
progress. A great deal of valuable information may be ac- 
quired respecting the external conditions of our globe — ^its 
lands and waters, their extent and configuration, their climate 
and vegetable and animal productions — without burdening 
the mind with unimportant distinctions, on the one hand, or 
going, on the other, into the higher reasonings on which the 
phenomena of Physical Geography depend ; and it is the 
object of this initiatory volume to facilitate the acquisi- 
tion of such knowledge, and prepare the learner, should he 
wish to proceed beyond this stage, for the study of the sub- 
ject in its more exact and extended aspects. It should be 
remembered, however, that even in its simplest form the 
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science of Physical Greography is by no means a child's study, 
and that the comprehension of its truths will be greatly 
assisted by a previous acquaintance with the elements of 
General Geography. Under this conviction the Author has 
endeavoured to produce a Text- not a Task-hook — a thing 
to be read and reasoned, and not a compilation of uncon- 
nected facts to be irksomely and uselessly committed to 
memory. 

While the text has been prepared on a general plan, and 
capable of being studied in connection with any modem set 
of physical maps, the order has, in most instances, special 
reference to Keith Johnston's ' School Atlas of Physical Geo- 
graphy,' as yet by far the best and most available of similar 
publications. 



GiLMOBE Place, Edinburgh^ 
December 1862. 
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PHYSICAL GEOGRAPHY. 



PHYSICAL GEOGRAPHY AS A SCIENCE. 



Its Aim and Objects. 

1. Geographt (from two Greek words — g^, the earth, and 
graphs, a writing or descnption) embraces, in its widest sense, 
all that can be known of the superficial aspects of our globe — its 
lands and waters, their extent and configuration, their altitude 
and depth, the atmosphere that surrounds them, their varied 
conditions and climate, and, finally, the distribution of the plants 
and animals by which they are respectively peopled. 

2. A science embracing so wide and varied a subject will readily 
present itself under several heads or departments ; and thus we 
may have what is termed Mathematical Geography, which de- 
votes itself to the size, form, motions, and geneml divisions of 
the earth as a planet forming part of the sol^ system ; Political 
Geography, which relates to the arbitrary subdivision of the 
earth into em{)ires, kingdoms, and states, with their populations, 
manners, religion, laws, industry, commerce, and other features 
distinctive of such subdivisions ; De&criptive or General Geogra- 
phy , which restricts itself to a mere account of the external con- 
ditions of the lands and waters — their extent and configuration, 
their scenery, life, and other obvious features — without inquiring 
into the causes that produce these appearances ; and, lastly, we 
may have Physical Geography, which, while it embraces all the 
natural conditions of tne lands and waters depicted by descrip- 
tive geography, proceeds further to inquire into the causes that 
produce these results, and by which they are in the course of 
nature continually reproduced within, certain limits of change 
and modification* 
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3. Physical Geography is thus the higher department, its aim 
being not only to describe the external aspects of the terraqueous 
(land and water) globe, but to inquire into those conditions of 
position, altitude, soil, heat, moisture, and the like, which govern 
the distribution of plants and animals on the land, and those 
conditions of depth, composition, and temperature which regulate, 
in a similar manner, the distribution of plants and animals in the 
ocean. The Land, its continents and islands, its mountains and 
valleys, its soil and climate, its scenery and Ufe-arrangements — 
the Ocean, its seas and bays, its shoals and depths, its composi- 
tion and temperature, its aspects and life-dispersion — are the 
special objects of Physical Geography, and its highest aim the 
discovery and expression of those laws which regulate the action 
and reaction of land, water, and atmosphere in the production of 
physical phenomena. Physical Geography thus rises above the 
mere description of external appearances, and seeks to explain 
the causes that produce them — arranging the whole into a system 
of world-machinery, whose modes oi action can be understood, 
and whose results it is possible to determine. 

4. Bising to this conception of his science, and viewing the 
beautiful and diversified field before him, the student of geogra- 
phy meets a problem in every phenomenon that presents itself, 
and finds a solution in every incident that occurs. Why, for 
instance, do two countries lying within the same parallels of lati- 
tude present such differences m climate ? Why are mountain- 
heights perpetually enveloped in snow, while the lower ridges 
are clothed in verdure and blossom ? Why does one region of a 
continent be arid and rainless, while another is deluged with 
periodical torrents ? Why do the winds in certain latitudes blow 
steadily for weeks in one direction, while in another they are fit- 
ful and irregular ? Why should one expanse of ocean be still and 
tideless, while another swells and falls with tides, and is traversed 
by currents ? Why should the plants and animals that flourish 
in one region dwarf and die out if transferred to another that 
seems equally fertile in soil and genial in climate ? Why should 
the men at the mountain-foot be tillers of fields and dressers of 
vineyards, while those a thousand feet higher are herdsmen and 
shepherds ? Or why should one country be the scene of busy 
industry and successful commerce, of intellectual activity and 
mental culture, while another, as fair and even more fertile, re- 
mains the mere squatting-grounds of indolent, dependent, and 
semi-civilised hordes ? l^ese and a thousand similar questions 
press themselves upon the attention of every geographical ob- 
server ; and while the facts may be detailed with clearness and 
accuracy by Descriptive Geography, to Physical Geography, in 
particular, we must turn for a rational solution of the phenomena 
presented. 

5. In the prosecution of his subject, the student of Physical 
Geography appeals to Astronomy for what relates to the figure, 
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size, motions, and other primary conditions of onr planet; to 
Geology for the stnictnre and constitution of the rocky crust 
which forms, as it were, the groundwork of all geography ; to 
Meteorology for much that belongs to climate and its allied phe- 
nomena ; while from Chemistry and Physiology he derives im- 
portant aid in dealing with the nature, growth, and dispersion of 
plants and animals. Though drawing in this manner from other 
sciences, it by no means follows that toe student should be deeply 
read in Astronomy, Geology, or Meteorology. All that is neces- 
sary is, that he be able to perceive the connection and interbear- 
ings of these sciences, and 1be capable of appreciating the import- 
ance of their deductions as £u* as they relate to his own imme- 
diate study of Physical Geography. 



Theoretical and Practical Importance. 

6. The value of such a science must be obvious to the most 
casual observer. To determine the relative extent of the land and 
water that constitute this terraqueous surface — the varying alti- 
tudes of the one and the depths of the other, the climates of the 
one and the winds and currents that traverse the other, with 
the infinitely diversified mineral, vegetable, and animal produc- 
tions of both — is not only a source of high intellectual enjoyment 
and culture, but a task of prime industrial necessity. Scattered 
over the earth's surface, separated by sea aud mountain, enjoying 
different climates, and placed in proximity to different mineral 
vegetable, and animal products, it is a natural necessity that dif- 
ferent nations should trade and barter with each other. To 
ascertain the peculiarities of this varied surface, to learn the 
variety of its products — ^to know all, in fine, that relates to the 
home we tenant, and the comforts and necessaries with which it 
is furnished, as well as the obstacles or facilities that lie in the 
way of obtaining them — ^is the sum and substance of Geography. 
The observation and reasoning required in geographical researcn. 
the amount of information obtained, and the curiosity gratified 
by faithful descriptions of distant and diverse regions, constitute 
on the one hand its theoretical value ; acquaintance with their 
mineral, vegetable, and animal products, now so indispensable to 
civilised existence, the conditions under which these occur, and 
the capability of the latter for naturalisation in other countries, 
form, on the other hand, its economical or practical importance. 
To the navigator dependent on the winds and currents of the 
ocean ; to the pioneer and settler in new lands ; to the merchant- 
traveller in search of additional products ; to the gardener and 
farmer who seek to naturalise the plants and animals of different 
regions ; and even to the physiologist and psychologist who would 
study the influence of climate and other conditions on health as 
well as on mental peculiarity, Physical Geography becomes a 
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scieuoe of direct and important interest Combining, therefore, 
its theoretical with its practical bearings, our science has para> 
mount claims alike on the attention of the philosopher, the states- 
man, the sailor, the fiirmer, the merchant, and mann&cturer. 



Hints to the Learner. 

7. To present an outline of this science intelligible to begin- 
ners, and preparatory to a more exact and extended course of 
study, is tne object of the present treatise ; and the learner will 
best accomplish his purpose who step by step confirms the state- 
ments of the text by reference to the maps of his atlas. By this 
double process any little difficulty will be more readily mastered, 
while tne £eu;ts will be fixed more clearly and permanently on 
the memory. Every principle thoroughly understood becomes a 
key to some other problem ; and hence the value of systematic 
treatment and the necessity of a clear comprehension of the suc- 
cessive stages by which the higher problems are attained. The 
study of <&neral Qeography — the positions of towns, courses of 
rivers, heights of mountains, and the like — is for the most part 
little better than a task of memory ; Physical Qeography, on the 
other hand, requires reasoning at every step, and tne student 
will find his reasonings greatly assisted, not only by the system- 
atic use of his atlas, but by the habit of appealing to the pheno- 
mena presented by his own immediate district. There are few 
localities, however limited, that do not present their alternations 
of hill and dale, of lake and river, of warm winds and cold winds, 
of periods of drought and periods of rainfall, of plants that love 
the marsh and others that thrive only in the thirsty upland ; and 
by noting such distinctions, and the causes concerned in their 
production, the mind, bv such training, will be better prepared 
for the comprehension of the phenomena of wider and more varied 
regions. As the botanist, zoologist, and geologist find the objects 
of their studies in every walk through the fields around tnem, 
BO the student of Physical Geography will find the illustrations 
of his science in every locality he may visit. Every district 
has its own features of highland and lowland, its streams and 
lakes and rivers, its pecmiar winds and rains and frosts, its 
special arrangements of plants and animals ; and he who under* 
stands best the governing causes of these local peculiarities will 
be best able to deal with the general problems of Physical Geo- 
graphy. There is nothing fortuitous in the economy of our 
planet : every breeze that blows, every cloud that sweeps across 
the firmament, and every shower that falls — fickle, uncertain, 
and local as these may appear — are as much the results of law 
and law-directed forces as the rising and falling of the tides, or 
the revolutions of the planets. Impressed with this conviction, 
and seeing how closely every incident in nature is connected with 
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another, the student will consider no occurrence as too trivial, 
and no &ct as too insignificant, to deserve his attention. 



RECAPITULATION. 

In the preceding paragraphs we have endeavoured to show 
that the object of Physical Geography is to describe the external 
conditions of the globe, and discover the causes by which they 
are maintained or modified. It treats of the Earth's surface as 
composed of land and water, determines their extent and confi- 
guration, their altitude and depth, the climate and other condi- 
tions that influence the growth and distribution of the plants and 
animals by which they are respectively peopled, and, rising above 
these, endeavours to account for the mental and social peculiari- 
ties of different nations as seemingly dependent on external cir- 
cumstances. Deriving from Astronomy what relates to the 
figure, dimensions, motions, and other primary features of our 
planet ; from Geology the structure and composition of its rocky 
crust ; from Meteorology the proximate causes of the diversity 
of climates ; and from Chemistry and Physiology the more inti- 
mate nature of vegetable and animal life, Physical Geography 
proceeds to apply these adjuncts to its own proper field of inquiry, 
and from the whole deduces a rational and connected account of 
the cosmical phenomena by which we are surrounded. As a 
science of observation and deduction in connection with the ex- 
ternal conditions of the beautiful planet we inhabit, it possesses 
high intellectual attractions ; and as bearing on its mineral, 
vegetable, and animal products — their abundance, distribution, 
and capabilities of dispersion — it becomes to civilised nations a 
study of prime industrial importance. 
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THE EABTH — ^ITS GENERAL OB FLANETABY BELATIONS. 



Figure, Motions, Dimensions. 

8. Bt the general relations of the Earth are meant those pri- 
marj conditions of form, size, density, motion, and the like, which 
belong to it as a member of the planetary system. From these 
conditions arise all those moltifarious actions and reactions that 
take place on its surface — the alternations of night and day, 
heat and cold, summer and winter, growth and decay, the winds 
and motions of the atmosphere, the tides and currents of the 
ocean, and in fact all that confers on it geographical diversity 
and change. Thus, on its axial rotation depends the recurrence 
of light and darkness ; from its revolution round the sun arises 
the succession of the seasons, with all their varied effects on 
vegetable and animal life ; from the unequal reception of the 
sun's heat by the terraqueous surface and atmosphere, result the 
various phenomena of what we call weather and climate ; while 
from the attraction of the sun and moon, and the earth's own 
proper motions, spring the flow and ebb of the tides, and the 
other great currents of the ocean. The consideration of these 
conditions belongs, no doubt, more especially to Astronomy and 
Physics, but as much may be here recapitulated as will enable the 
student to lay the foundation, as it were, of his bwn special science. 

9. Astronomers have determined that the Earth we inhabit is 
one of a number of planets that revolve at different distances, and 
with different velocities, round the Sun as a common centre — 
constituting what is termed the solar system (Lat. sol^ the sun). 
These bodies, some of which are nearer the sun than our earth, and 
others more remote, some vastly larger, and others smaller, are 
nearly all spherical in form, and move from west to east, in courses 
or orbits more or less circular. As at present known, this solar 
system consists of the great centre or sun ; nine large or primary 
planets — Vulcan, Mercury, Venus, Earth, Mars, Jupiter, Saturn^ 
uranus, and Neptune ; seventy-one planetoids^ or small planet- 
like bodies, between the orbits of Mars and Jupiter, and occupy- 
ing, as it were, the place of a large primary ; twenty secondaries 
or satellites^ revolving round their primaries ; and an unknown 
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number of cornets, which move roond the sun in extremely ellipti- 
cal orbits, and, consequently, become visible to us only at widely- 
distant periods. As the secondary planets revolve round their 
primaries, and these, again, round the sun, so the solar system 
itself may revolve round some vaster centre, and this order of 
things through systems and centres that baffle the grasp of our 
finite conceptions. The following table exhibits at a glance the 
names of the planets, their diameters, distances from the sun, 
times of revolution and rotation, and number of satellites : — 



Names and order 


Diame- 
ters in 


Distance from 


Bevolution 


Rotation 

in days 

and hours. 


No. of 

sateU- 

ites. 


of planets. 


English 
miles. 


Suu in miles. 


in days. 










D. H. M. 




Sun, . . . 


883,000 


• • • 


• • • 


25 


• •• 


Vulcan, . . 


785 


18,500,000 


19.70 


• • • 


• • • 


Mercury, . . 


3,140 


37,000,000 


87.97 


10 5 





Venus, . . . 


7,700 


69,000,000 


224.70 


23 21 





Earth, . . . 


7,916 


96,000,000 


365.24 


1 


1 


Mars, . . . 


4,100 


144,000,000 


686.98 


1 39 





PlanetoidSf . 


• « ■ 


263,000,000 


1,684.74 


• t • 





Jupiter, . . 


90,000 


494,000,000 


4,332.62 


9 56 


4 


Saturn, . . . 


76,068 


906,000,000 


10,769.30 


10 29 


8 


Uranus, . . 


34,500 


1,822,000,000 


30,686.82 


9 30 


6 


Neptune, . . 


42,000 


2,869,000,000 


60,624.63 


• • • 


1 



10. As stated above, the distance of the Earth from its cen- 
tral orb is 95,173,000 miles — or, in round numbers, ninety-five 
millions of miles. Its time of revolution round the sun is about 
365^ days, or more precisely, 365 days, 5 hours, 48 minutes, 
and 50 seconds ; and this period of revolution we designate a 
year. Besides this annual revolution round the sun, the earth 
rotates or turns on its own axis in 24 hours— or, more exactly, in 
23 hours, 56 minutes, and 4 seconds ; and this period of rotation 
constitutes a day. In other words, the earth turns on its own axis 
three hundred and sixty-five times during the course of a single 
revolution round the sun ; and thus the more frequent and obvi- 
ous motion of daily rotation has been taken as the unit of measure- 
ment for the longer and less apparent motion of annual revolu- 
tion. In these movements of annual revolution and daily rotation, 
the earth is attended by a minor or secondary body, which re- 
volves round her as she round the great central luminary of the 
system. This secondary planet or satellite (Lat. sateUes, an atten- 
dant) is the Moon, which is 2160 miles in diameter, and which 
completes her revolution round her parent orb (at a distance of 
240,000 miles) in 27 days, 8 hours — or, in round numbers, in 28 
days, or one lunar morvth. These motions, and times of motion, 
are determined and infiuenced by the attraction and gravitation 
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of the sun and other planets ; and it is by the same great forces 
that all the heavenly bodies that lie beyond onr system are held 
in harmonious order, and in all likelihood in siraiiar systems or 
fraternities. 

11. The snn being the great centre of light, heat, and other 
ethereal influences, it necessarily follows that, during the earth's 
rotation on her axis, only one half of her surface can be exposed 
at a time to these influences ; hence the alternations of day and 
night, and all the phenomena that accompany these alterna- 
tions. But day and night are of unequal and varying lengths at 
certain localities, according to the seasons, and these seasonal 
successions are caused by the facts, ^r«f, that the orbit or path of 
the earth's revolution round the sun is not a perfect circle, 
but an ellipse or oval ; and, second, that in performing this re- 
volution, her axis is not perpendicular, but inclined or slant- 
ing at an angle of 66^ degrees to the plane of her orbit. The 
accompanying diagram will assist in explaining the consequences 
of this elliptical orbit, and obliquity of axis. Thus, s is the 
sun, with toe earth represented at four different points in her 
annual orbit At a and b the light and heat of the sun strike 
at the equator or middle line, and consequently day and night 
are of equal duration. At any intermediate position, day and 




night are respectively lengthened and shortened : when at c 
the north pole is in darkness ; and when at d the south pole is 
in the same state. When the point presented to the sun is at e 
(which is on the 22d December), it is midsummer to all the 
southern parts of the earth, and winter to all the north ; but as 
the exposed part advances towards the point /, the northern 
regions gradually receive more and more heat, till on the Slst of 
June it becomes their midsummer. Such are the main systemal 
motions of the earth that regulate our days, years, months, and 
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seasons ; let ns now advert to her own proper dimensions, as 
determined by the astronomer and mathematician. 

12. The body which thus rotates on its own axis, while it re- 
volves round the sun, and is in turn revolved around by the 
moon, is not, strictly speaking, a sphere or globe. A diameter 
taken idong its axis, or the ideal line round which it rotates, is 
only 7699.170 miles, while one taken in the opposite direction is 
7925.648 miles. The one diameter thus exceeds the other by 
about 26^ miles, thereby causing a deviation from the true globu- 
lar form, and producing what is termed an oblate spheroid (Gr. 
gphaira, a sphere ; eidoSf like) ; that is, a figure flattened in the 
airection of its axis, and bulging out all around somewhat in the 
shape of an oranga Such a figure can be produced by rapidly spin- 
ning a ball of yielding material (like soft clay or putty) round its 
own axis, when the tendency which all rotating bodies have: to fly 
o£F from the centre (centrifugal force) causes the mass to bulge out 
at the circumference, and to flatten in proportion at the ends 
or poles of the axis. To this centrifugal rorce arising from rota- 
tion, and to some original yielding condition of the earth's mass, 
is its oblate or spheroidal form usually ascribed. The earth's 
mass, as is welL known, is kept together by the force of gravUa' 
tion ; and had it remained at rest, its rorm would have been 
perfectly spherical ; but the moment it besan to turn on its own 
axis, the particles of its mass began to obey another law — viz., 
that of centrifugal force, which exerts itself at right angles to 
the axis of rotation, and in proportion to the distance from that 
axis. Hence the greater bulging-out of the earth's mass at the 
equator, where the distance from the axis is greatest ; and hence 
also the gradual declension of centrifugal force as we proceed 
towards the poles. 

13. It has Deen proved, we have said, by the astronomer and 
mathematician, that the true figure of the earth is that of an 
oblate spheroid, or ellipsoid of revolution ; but of its general 

Spherical or globular form, the ordinary observer has many evi- 
ences, among which may oe mentioned the following : — 1. As a 
vessel sails away from the land we first lose sight of her hull, 
next of her lower or mainsails, and lastly of her topsails and 
pennants, thus clearly showing that she is passing over a spherical 
surfihoe. 2. The reverse of this also holds true ; for the mariner 
as he approaches the land first sees the mountain>tops ; and on 
gradually nearing it, the lower grounds, stage by stage, make 
their appearance. 3. In travelling any considerable distance, 
north or south, new stars gradually come into view in the direc- 
tion to which the traveller is advancing, while others disappear 
in the direction from which he is receding. 4. Many navigators, 
by constantly sailing in one direction, or nearly so, whether due 
east or due west, have returned to the port from which thev set 
out, thus making what is termed the circumnavigation of the 
globe, ff. The G^adow which the earth casts on the moon during 
an eclipse is always circular. And, lastly, the earth belonging to 
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a system or brotherhood, the other members of which are globu- 
lar, the fair presumption is that she also is of the same form. 

14. Calculatiiig from the dimensions given in the preceding 
paragraphs, the mean diameter of the earth will be 7912.402 
miles, and its mean circum/ereTice or girth, 24,856 miles. It is 
usual, however, to speak, in round numbers, of the diameter 
being 8000, the radius or distance from the sur&Mse to the centre 
as 4000, and the circumference as 25,000 miles. The superficial 
area of a globe of these dimensions amounts to 197 millions of 
square miles ; and of these about 51 millions consist of land, and 
146 millions are occupied by water. The proportion of land to 
that of water may, therefore, be said to be, in round numbers, 
as <me to three ; or, in other words, while one-fourth of the earth's 
surface consists of dry land, the other three-fourths are covered 
by the waters of the ocean. The solid contents of the mass have 
in like manner been computed to exceed 260 thousand millions 
of cubic miles — an amount which, though expressible in figures, 
is altogether beyond the grasp of human conception. It is 
enough, then, for the learner to be convinced of the magnitude 
of these amounts, without troubling himself with the remem- 
brance of their numerical expressions. 



Density, Temperature, Atmosphere. 

15. The density of the globe, as compared with the materials 
at its 8urfisu;e, has been determined with considerable precision. 
The average or mean density of the most prevalent rocks is about 
2^ times that of water ; while the density of the whole mass, as 
determined by astronomical experiment, is 5^ times that of water. 
It is evident from this that the interior ot the earth cannot be 
composed of the same materials that constitute its outer portion : 
for these, under the law of gravitation, would be so compressed 
at the depth of a few miles as to give a greater mean density to 
the whole mass than its astronomical relations will allow. Thus, 
it has been calculated that water, at the depth of 362 miles, would 
be as dense as quicksilver ; and that the density of marble, at the 
centre of the eiuth, would be 119 times greater than what it is at 
the surface. Either, then, the interior of the earth ia composed 
of materials differing altogether in nature from those known at 
its surface, or the compression of gravitation must be counter- 
acted by some highly expansible force, such as heat, so as to 
maintain the mean density which astronomy and physics have 
determined. It is thus that geologists, and geographers, adopting 
the language of geologists, speak of the " crust of the globe, and 
of the "interior of the globe " — meaning by the former that outer 
portion composed of rocks and rock-masses which can be observed 
and examined, and by the latter that inner portion which is 
placed beyond such investigation, and respecting which we can 
offer little more than conjecture. 
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16. Closely connected with the density of the globe is its tem- 
perature, or the amoni^t of heat that pervades it. As one of the 
orbs of the solar system, the earth has a variable superficial or 
atmospheric temperature ; it has also a temperature peculiar to 
the rocky crust ; and, judging from volcanic action, tnere is also 
a high and more remarkable interior or central temperature. 
Bespecting the superficial temperature^ which constitutes the 
great theme of Climatology, to be noticed hereafter, it may be stated, 
in the mean time, that it is influenced from day to day, and from 
season to season, by the heat of the sun ; that it varies according 
to the latitude, being greatest at the equator and gradually 
decreasing towards the poles ; that it is greatly modified by the 
extent and distribution of sea and land — the sea and sea-coasts 
being more equable than inland continents, which experience 
extremes of heat in summer and extremes of cold during winter ; 
that it is also modified by the absorbent or radiating nature of the 
soil, according as this may be dark or light coloured, dry or moist, 
porous or compact; and, lastly, that it is notably adSected by 
elevation above the mean level of the sea, the higher being the 
colder regions. The temperature of the accessible crust, on the 
other hand, is affected either by the direct heat of the sun, 
by heat generated chemically among its own materials, or by 
heat derived by conduction from the interior. During sum- 
mer, for instance, the earth is warmed to a certain depth by 
the heat of the sun ; during winter this heat is given off to the 
surrounding atmosphere ; and though the heat of one summer and 
the cold of one winter may differ from the heat and cold of others, 
still, on an average of seasons, the results are pretty equable. It 
may, therefore, l^ stated in general terms, that in summer the 
crust of the earth at small depths is cooler than at the surface ; 
that during winter the crust at these depths is warmer than at 
the surface : but that, at the depth of 80 or 90 feet, the variations 
of summer and winter become wholly insensible. Bespecting 
the heat of the interior, we see it abundantly manifested in hot 
springs, volcanoes, and the like ; and have, by direct experiment, 
been enabled to arrive at some important facts relative to its 
descending rate of increase. Thus, it has been found by experi- 
ments in coal-pits, artesian wells, and metalliferous veins, that 
after passing tne depth at which the surface heat becomes inap- 
preciable, the temperature begins to rise, and this gradually and 
steadily for every fathom of subsequent descent. On an average 
this rise takes place at the rate of 1" of Fahrenheit for every 
55 or 60 feet of descent ; and, calculating at this increase, a tem- 
perature (2400** Fahr.) would be reached at a depth of 25 miles or 
thereby, sufficient to keep in fusion such rocks as basalt, green- 
stone, and porpyhry. We know little, however, of the deportment 
of heat under such an enormous pressure as must exist at these 
depths, and can only indicate the line of reasoning that leads to 
the general belief that the solid or rocky crust forms but a com- 
paratively thin film, and that the great interior mass exists in a 
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state of high incandescence or molten fluidity. Intense as this 
interior heat may be, and active as it undoubtedly is in the pro- 
duction of vulcanic phenomena, the surface temperature of the 
globe is scarcely if at all affected by it (according to Fourier only 
^ of a degree), owing to the weak conducting properties of the 
rocky crust. 

17. Besides these original conditions of fonn, size, motions, 
density, and temperature, there is also that of its atnwvphere, or 
aerial envelope which surrounds it on every side, and becomes ajn 
integral and mdispensable portion of its constitution. This atmo- 
sphere, as is well known, is mainly composed of two gases — nitro- 
gen and oxygen — 79 parts of the former to 21 of the latter, with a 
small percentage of carbonic acid and other extraneous impurities. 
As at present constituted, the air is indispensable to vegetable and 
animal life; both alike breathe it, ana by this breathing the 
functions of vitality in both are alike sustained. Being an elastic 
or compressible medium, the air nearest the sea-level is denser 
than that at considerable elevations ; and by calculating the rate 
at which this rarity takes place, it has been estimated that at the 
height of 45 miles above the sea the atmosphere becomes so rare or 
light as to be inappreciable. We have thus surrounding the earth, 
and partaking in all its movements, a gaseous envelope or atmc 
sphere, whose pressure at the searlevel is estimated at 14^ lb. avoir- 
dupois on every square inch of surface, but which gradually 
becomes lighter and lighter or more attenuated as we ascend, till 
at the height of 45 or 50 miles its presence is inappreciable. 
Through this envelope the heat and light of the sun are equally 
diffused and modified ; it is also the recipient and diffuser of all 
watery vapours arising from the earth ; and from local alterations 
in its density or expansibility, caused by heat and the like, arise 
all aerial currents or winds — whether steady and regular, or fitful 
and irregular. The atmosphere is thus the great m^ium through 
which light, heat, moisture, and other vital influences are commu- 
nicated to the plants and animals that adorn the earth's surface : 
it is also the great laboratory in which all meteorological ana 
electrical phenomena are elaborated ; and hence all the varied 
aspects and results of winds, clouds, rains, snow, hail, thunder- 
storms, and the like, that constitute the essentials of climatic 
diversity. 



Technical Enibdivisions — Points, Circles, Zones. 

18. Tn treating of the earth thus constituted and surrounded, 
geographers make use of certain terms and technicalities expres- 
sive of distance, position, and the like, on its surface, and with 
these it will be necessary for the learner at this stage to render 
himself familiar. Thus, the direction from which the earth moves 
in its daily rotation is called the West; that towards which it 
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moves the East ; the point to which a spectator looks, with the 
east on his right hand and the west on his left, is called the 
North ; and that behind him the SotUh. In this rotation from 
west to east, any point on the earth's surface turns towards the 
sun in the morning, and away from him after mid-day, and thus 
the terms Sunrise and Sunset (the sun being a stationary centre) 
express not real but apparent phenomena. The imaginary line 
on which the earth rotates is termed its axiSy and the termina- 
tions of this axis its poles — that towards the north being known 
as the North Fok, and that towards the south as the South Pole. 
From an idea of the earlier geographers, who were inhabitants of 
the northern hemisphere, that the north pole was uppermost 
(though in reality there can be neither upper nor under in a globe 
freely rotating in space), it is customary in our maps and charts 
to place the Northern part at the top and the Southern at the 
bottom, with the east on the right hand and the west on the left. 
A line distant alike from either pole, and dividing the earth into 
two equal poi*tions (Lat. cequus, equal), is called the Equator ; 
the northern being known as the Nortnem hemisphere^ and the 
southern as the Southern hemisphere. In the same way we may 
speak of the Easteim hemisphere and Western hemisphere^ by sup- 
posing the globe divided by a line passing through the poles, and 
thus necessarily cutting the equator at right angles. Beckoning 
London as a fixed point on such a line, Europe, Asia, and Africa 
will lie in the eastern hemisphere, and North and South America 
in the western. (See Map, page 37.) 

19. Like other circles, the circumference of the earth is divisible 
into 360 equal parts or degrees^ and in this case each degree will 
equal about 69^ British statute miles. At the distance of 23^ de- 
grees north and south of the equator (as shown in the accompany, 
ing diagram), are two 

?Eurallellines called the 
topics (Gr. trop^^ a 
turning), from their 
marking the turning- 
points of the sun in the 
ecliptic; that on the 
north being known as 
the Tropic of Cancer y 
and that on the south 
the Tropic of Capri- 
com, because these 
constellations occupy 
a corresponding point 
in the heavens. At the 
same distance (23^ de- 
grees) from either pole 
is a parallel line — that 
on the north being called the Arctic Circle (from the northern 



WORTH POLE 



WEST 




EAST 



SOUTH POLE 
Zones and GircLM. 



22 THE EARTH. 

constellation, Arctos, the Bear), and that on the sonth the Ant- 
arctic Circlejhec&xkBe opposite (antij opposite) to that of the north. 
The space or belt between the Tropics is called the Torrid 
Zone, because the snn, being always vertical in some part of that 
space, produces a greater degree of heat than in regions where 
his rays strike mow obUqnely. The spaces between the tropics 
and the arctic and antarctic circles, on either side, are termed 
the Temperate Zones (north and south) ; and those between 
these circles and their respective pol^ the Frigid Zones. It is 
customary for the botanist and zoologist to snbcHvide these zones 
more minutely into equatorial, tropical, subtropical, warm-tem- 
perate, cold-temperate, subarctic, arctic, and polar; but of these 
subdivisions and their characters when we come to treat of the 
distribution of vegetable and animal life. 

20. The equator has been described as a circle exactly between 
the poles, and cutting the globe into two equal portions : a line 
which cuts the equator obliquely (at an angle of ^^°), and touch- 
ins upon opposite sides of the tropics, is called the Ecliptic (Gr. 
ekleipsisy an eclipse). The ecliptic is the orbit described apparently 
by the sun round the earth, but in reality by the earth round the 
sun ; and is named from the circumstance that all eclipses can hap- 
pen only when the moon is in the same plane or very near it. The 
points where the ecliptic cuts the equator are called the equinoc- 
tial points or nodes, because when the sun is in these parts of his 
course, the day and night are of equal duration. These equinoxes 
take place twice a-year — namely, on the 21st March and 21st 
September. The term Greater Circles is sometimes applied to 
the equator and ecliptic, because they encircle the earth at its 
thickest part — ^that is, cut it at planes ]>assing through the centre ; 
and that of Lesser Circles to the tropics, arctic, ana other circles 
above described. Besides these circles, another set of lines, drawn 
from pole to pole over the earth*s surface, and cutting the equator 
at right angles, are termed Meridians (Lat. meridteSy mid-day), 
because, when any of these lines is opposite the sun, it is mid-day 
or 12 o'clock with all the places situated along that meridian on 
the same side of the globe ; while on the other side it is midnight. 
When it is noon, for instance, in any particular part of Britain, 
it is midnight at an opposite and corresponding part near New 
Zealand ; and so on for the intermediate hours at directly opposite 
parts along the same meridian. Thus, diametrically opposite 
parts on the globe are said to be the Antipodes of each other (Gr. 
antif opposite, and poits, podos, foot), because the feet of their 
inhabitants are placed, as it were, in opposition to each other. 

21. The position of a place on the earth's surface is determined 
by what is termed its latitude and lonffitude, — ^terms which arose 
from a notion of the ancients that the earth was longer from east 
to west than from north to south — or, in other words, had length 
{longitudo) and breadth {latitudo). The latitude of a place is, 
therefore, its distance north or south from the equator ; hence, we 
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speak of north latitnde (N. IaI.) id the northern hemisphere, tu)d 
of soath l&titude (S. I^t) in the southern hemisphere. Longitade, 
on the other hsjtd, ia measured eaet and vest of any fixed meri- 
dian — different countries adopting different meridinns (usuall^r 
that of their capitaia), and Britain that of the Royal Observatory 
at Oreeawich ; hence English geo^aphera speak of east longitude 
(E. Long.), and west longitude (W. Long.), according as a place 
may be situated eastwara or westward of the meridian of Green- 
wich. The circles on the earth being divided into 360 degree, 
and each degree, again, into 60 minatee, each minute into 60 
Beconds, and BO on, the position 
of a place can be indicated with 
great precision ; and for the 
Bake of brevity certain signs 
are employed, as 4° 6' 12°, 
meaning thereby 4 degrees, 6 
minutes, and 12 seconds. The 
distance between the equator 
and either pole being only the 
fonrth part of the earth's cir- 
cnmference, the latitude of a 
place north or south of the 
equator can never exceed the 
fourth part of 360, or 90 de- 
grees. Longitude, on the other 
hand, being measured east and 
west of a fixed meridian, em- 
braces a whole heroiaphere, or 180 degrees ; and as the meridiimi 
ali conTeige towards the poles, the degrees of longitude become 
less and tesa as we approach these extremities. The lines of lati- 
tude being necessarily parallel to each other, geographers speak 
of paralleU of latituae — designating those that he near to the 
equator as low latitudes, those that approach the poles as high 




latitudes, and those that 
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RECAITTinjlTlON. 

In the foregoing chapter we have noticed those primary con- 
ditions of form, motion, size, density, temperature, and (he like, 
which belong to the earth as a member of the solar system. 
Those conditions lie, as it were, at the foundation of all change 
and diversity on the earth's sur&ce— day and night, heat and 
cold, summer and winter, meteoi^logical fluctuation and clima'te, 
oceanic tides and currents, geological waste and reconstruction, 
and, in fine, all that confers diversity on land and water, and 
conseqaently on vegetable and animal life, being directly or 
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remotely dependent on the original oonstitntion of the globe, 
and its connection with the solar system. It is necessary, then, 
that the student should render himself familiar with the plan- 
etary relations of the earth — its spheroidal form, its daily and 
annual revolutions, its density, temperature, magnitude, and ad- 
measurements, as well as with those terms and technicalities by 
which its several portions and positions are known and described. 
As an oblate spheroid, then, the earth has an equatorial diameter 
of 7925.648, and a polar diameter of 7899.170 miles ; rotates on 
its own axis in 23 hours, 56 minutes, and 4 seconds, or in one 
day; revolves round the sun in an elliptical path or orbit in 365 
days, 5 hours, 48 minutes, and 49 seconds, or one year; and is 
in turn attended by the moon, which performs her revolution in 
27 days 8 hours, or one lunar month. As the mean circumference 
of the earth is 24,858 miles, and as she rotates on her axis once 
in 24 hours, it lb clear that any spot on the equator must be borne 
round at the rate of more than 1000 miles an hour. With every 
successive removal from the equator, however, the circles of lati- 
tude become smaller and smaller, and as they are all carried round 
within the same period of 24 hours, their rate of motion must be 
proportionally less. At the 60th parallel, for example, this mo- 
tion is only 500 miles an hour, and at the absolute poles it ceases 
to exist. The mean density of the rocks known at the surface 
of the earth is about 2 j times that of water, while that of the 
entire mass is 5^, thereby showing that the interior consists of 
different material, or of materials in a different condition from 
those in its rocky crust. The earth's internal temperature, 
as distinct from the climatic temperature received from the 
sun, increases according to the depth ; and this increasing tem- 
perature, though little affecting the surface, seems sufficient 
to keep the interior in a state of fusion, and to be the cause 
of volcanoes, hot springs, and other thermal phenomena. The 
earth, besides her own proper mass, is also surrounded by an 
aerial envelope or atmosphere, consisting in the main of 79 parts 
nitrogen and 21 oxygen, with a fractional percentage of car- 
bonic acid ; and this gaseous envelope, being an elastic medium, 
is denser at the earth's surface (where it presses with a weight of 
14^ lb. on the square inch), and becomes rarer and rarer as we 
ascend in space, till at the height of 45 or 50 miles its presence 
becomes inappreciable. This atmosphere is the medium through 
which the sun's light and heat are equally diffused ; the labora- 
tory in which all meteorological phenomena — winds, rains, clouds, 
storms, &c. — ^are elaborated ; and, in fine, the source whose varied 
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mutations are the proximate causes of all climatic diversity. In 
treating of the earth, various terms and technicalities are neces- 
sarily employed by geographers, and with these the learner 
should early render himself familiar. Thus, the imaginary line 
on which the earth turns in her daily rotation is termed the axis ; 
the extremities of this axis, north and south, the poles ; the circle 
between the poles, which cuts the globe into two equal portions, 
the equator ; these two equal portions are termed hemispheres or 
half spheres ; and the varying belts of surface temperature as we 
proceed northward and southward from the equator, where the 
sun's heat is greatest^ are respectively known as the torrid, tem- 
perate, &nd frigid zones. The ecliptic is the apparent path of the 
sun round ihe earth ; meridians are those lines drawn from pole 
to pole over the earth's surface, and at right angles to the equator, 
along which the sun is vertical at his highest daily ascension, or 
noon ; latitude, the distance of any place, measured in degrees, 
south or north of the equator ; and longitude, the distance of the 
same place east or west from any arbitrary or convenient meri- 
dian, — that in Britain being the meridian of Greenwich — that 
in France, Paris — and that in Germany, the Faroe Islands. 
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THE EABTH — ^ITS INDIVIDUAL 8TEUCTUEB AND COMPOSITION. 



The Rocky Crust— Its Constitution and Formation. 

22. HAViNa considered, in the preceding chapter, some of the 
more obvious relations of the globe as a member of the Solar 
System, and the terms usually employed to express their connec- 
tion, we now proceed to describe the leading features of its own 
individual structure. As the knowledge of its general relations 
was derived chiefly from Astronomv, so a knowledge of its indi- 
vidual structure is mainly obtained from the teachings of Geology. 
As the one set of facts could be taught without going deeply into 
the problems of the astronomer, so the other may be understood 
without entering largely into the reasonings of the geologist. 
What, for instance, is the nature of the earth's rocky crust t How 
are its rocks arranged, and how does this arrangement affect its 
superficial character ? What has stretched out the level plain 
and upheaved the rugged mountain? What renders one soil 
obnoxious and sterile, and another genial and fertile 1 And as 
the earth's crust is continually undergoing modification under 
the operation of external and internal forces, what the effects of 
such modifications on the general geography of the globe ? These 
and similar problems Geology endeavours to solve, and, with a 
little explanation, these solutions may be rendered intelligible to 
the student of Physical Geography. 

23. Geologists speak of the " crust of the globe " just as the 
housewife ttuks of the " crust of her loaf." The crust of the loaf 
is one thing, the inside of it another. The crust or exterior por- 
tion of the earth, composed of rocks and rock-materials that can 
be seen and handled, is one thing — the interior, of which we can 
know nothing by direct observation, is a very different thing. 
By observation and comparison we can determine a great many 
truths respecting the structure and composition of the one ; 
respectingthe other, we can offer at best little more than con- 
jecture. This outer portion, or rocky crust, is the great theatre 
of all geographical phenomena — the foundation of the land and 
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waters — ^the arena of climatic inflnenoes — the field of vital devel- 
opment — and, as such, it behoves the geographer to know some- 
thing of its lustory and constitution. 

24. On the most cursory inspection of quarries, railway-cuttings, 
sea-cliffs, and ravines, the observer will find a great pomon of &e 
rocks arranged in layers, or lying one above another in beds or 
strata (Lat. stratum, spread out). These are said to be stratified, 
and generally consist of sandstones, clays, shales or consolicmted 
mud^ limestones, and other similar rocks. He will also find an- 
other set not spread out in layers, but rising hard and massive 
in no determinate arrangement. These are termed the unstra- 
tifiedf and consist of such rocks as the granites, greenstones, 
basalts, and lavas. How, he will naturally inquire, have two sets 







AAA, Stratified ; B B, Unstratified Bocka. 

of rocks, so dissimilar in character and arrangement, been pro- 
duced 1 and as we can only interpret nature's productions by a 
knowledge of nature's operations, we must seek for the answer 
to this question in what is now taking place around us. And, 
first, if we turn to any lake, estuary, or bay of the ocean, we 
will find that the mud, sand, and gravel carried down by the 
rivers, or washed from the clifis by the waves and tides, are 
deposited and arranged along the bottom of these receptacles in 
layers or strata more or less horizontal, and in course of ages, 
one above another, precisely like the shales and sandstones of the 
quarries and sea-cli&. Here, then, we are entitled to infer that 
rocks arranged in layers or sla^tahave been formed through and 
by the agency of water (Lat. aqua) — that is, have been deposited 
as sediment (Lat. sedere, to settle down) in water, or brought 
together and assorted by the action of moving water ; and hence 
they are termed a^queous, sedimentary, or stratified. If we turn, 
in the next place, to the volcano or burning mountain, we find 
that lava and other molten rock-matters are discharged from its 
crater, and these, when cooled and consolidated, age after age, 
form mountain-masses, and fill up chasms and rents, precisely as 
the granites and greenstones and basalts do among the stratified 
rocks with which they are associated. Here, again, we are en- 
titled to infer that greenstones, basalts, and other similar rocks, 
are the products of fire (Lat. ignis, fire) ; and hence they are 
designated igne<yus, eruptive, or unstraUfied. 

25. In the crust of the earth, then, we have two main sets of 
rocks, the stratified and the unstratified — ^the one formed through 
and by the agency of water, the other through and by the agency 
of fire. The former are chiefly the products of aqueous and 
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atmospberic waste, the latter the prodacte of igneoos reconstrae- 
tion; and betweeu these two foixses, the aqueous and igneous, 
the crust of the earth has ever been held in habitable equili- 
brium. Were the aqueous and atmospheric forces to operate 
uncontrolled, all the higher portions of the dry land would in 
the course of ages be worn down, and the whole reduced to a 
dreary uniformity of level ; but to prevent such a contingency, 
the volcanic forces are perpetually exerting themselves from 
below, and once more upheaviuff the crust into dry land and 
diversity of surface. The great design of creation seems clearly 
to be diversity in time as well as diversity in space. Whether 
under the open air or under the waters of the ocean, hill and dale, 
level plain and rugged mountain, are ever attended by diversity 
of soil, diversity of winds and currents, heat and cold, and all 
the other climatic influences on which diversity of plant-life and 
diversity of animal-life are so intimately dependent. To the 
primary geological oscillations of the earth's cinist — its waste 
and reconstruction — ^its submergences and upheavals — are we, 
therefore, indebted for all that confers on its sur£Bice geographi- 
cal variety and diversity. 



Relative Age and ArraDgement of Rock-Formations. 

26. If, then, the crust of the globe be in a state of oscillation 
between the aqueous and atmospheric forces that waste and wear 
from without, and the igneous forces that reconstruct and up- 
heave from within — ^if clifSs and hills are worn down, and lakes 
and estuaries filled up and converted into alluvial plains — if plains 
are thrown up into mountains and the sea-bed into dry land — if 
large tracts of the earth are gradually raised higher and higher 
above the ocean while other regions are gradually submerged — it 
is clear that different portions of the rocky crust must be of 
different ages and composed of different materials. The present 
distribution of sea and land has undergone many noted modifi- 
cations, even within the historic era ; and if such changes have 
been accomplished within a period so brief as a few thousand 
years, what may we believe to have taken place during the thou- 
sands of ages that preceded human history? So numerous and 
repeated have been these changes, as clearly shown by geology, 
that every portion of the existing land has been at one time or 
another beneath the waters ; and that which now constitutes the 
bed of the ocean has, in like manner, been the dry land of former 
epochs. The record of these changes lies in the stratified rocks, 
each period producing its own sedimentary deposits, and these 
deposits constituting what geologists term a/or77ia^ion, as having 
been formed at a certain period, and under the peculiar condi- 
tions of that period. Further, as the sediment of existing lakes 
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atid e»taaries and seas imbed the remains of plants and animals 
that have lived in these areas, or have been drifted from the 
land — leaves, branches, trunks, bones, teeth, shells, and crusts ; 
so the sediments of former ages conteiin the remains of plants 
and animals that then existed, these remains bein^ petrified or 
converted into stone. These petrifactions, or fossUs as they are 
termed, differ widely in many instances from Uie plants and ani- 
mals now peopling the globe ; and this difference may be said to 
increase with the depth and age of the strata that contain them. 
As a general rule, the older strata will be the deepest seated — 
the older, harder and more crystalline than the recent and super- 
ficial ; and the older the strata the greater will be the difference 
between their fossil plants and animals and the plants and ani- 
mals now existing. Founding on principles such as these, geolo- 
gists have arranged the stratified rocks into formations and 
systems according to their relative antiquities — each division 
repl;^senting (as nearly as can be determined) a different arrange- 
ment of sea and land, and a different aspect of vegetable and 
animal life during the period of its deposition. Thus, beginning 
at the recent and superficial, which contain few extinct forms of 
life, and descending through systems whose fossils belong chiefly 
to extinct races, we have : — 

Systems,. Periods. 

1. Post-Terttart, or Recent Accumulations, \ Oainozoic 

2. Tertiary System, j {RecetU Life). 

3. Cretaceous, or Chalk System, ) Mwanrmn 

4. Oolitic, or Jurassic System, >/Tur^7 r'A\ 

5. Trl^lssio, or Upper New Red Sandstone, J \^^^ MT^h 

6. Permian, or Lower New Red Sandstone, "j 

7. Carboniferous System, I Paleozoic 

8. Devonian, or Old Red Sandstone, ({Ancient Life). 

9. Silurian and Cambrian, } 

10. Metamorphio, or Crystalline Strata, I (Sen^^ife) 

Or arranging them in diagrammatic form, one above another, 
as they occur in the British Islands, we have the intelligible 
sequence represented on the following page. 

27. As the stratified rocks have been arranged in ch^nolo- 
gical sequence, so also the unstratified or igneous admit of 
a similar though less precise arrangement. As at present, so 
during every former epoch of the earth's history, the volcanic 
forces have been in a state of activity — ^breaking up the stra- 
tified crust, throwing out lava and other products in the for- 
mation of hills, and filling up earthquake fissures with molten 
rock-matter from below. In course of the earth's mutations, these 
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earlier prodncts become sub- 
merged oeneaih the waters of 
the ocean and overlaid by 
newer sedimentarj deposits^ 
again to be broken through by 
another set of igneous opera- 
tions, and this consecutiyely 
and continuously from the most 
distant ages up to the present 
day. As a general rule, the 
earliest isneous rocks will be 
assodated with the earliest 
stratified deposits, and the 
older and deeper-seated will 
be more uniform and crystal- 
line in texture than the newer 
and more superficiaL Foand- 
ing on principles such as these, 
ffeologists usually arrange the 
Igneous or unslratified rocks 
in the following chronological 
order : — 

1. Volcanic, associated chiefly 

with tertiary and upper se- 
condaiy strata. 

2. Trappean, associated chiefly 

with secondary and upper 
primary strata. 

8. Granitic, associated chiefly 
with primary and metamor- 
phic strata. 

Or arranging them diagram- 
matically as they occur among 
the stratified systems, we have 
something like the connection 
represented on page 31. 

28. The consideration of these 
systems and subdivisions forms 
the special subject of Geology ; 
but as each formation occupies 
a distinct portion of the earth's 
crust, consists of different kinds 
of rocks, and presents different 
soils and surmces, the following 
summary may be of use to the 
student of geography. The 
Post-Tertiary consists for the 
most part of sands, gravels. 
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peat-mosses, alluvial silt, and other 
superficial accumulations that have 
been recently formed or are still in 
the course of formation. From the 
nature of their formation, they occupy 
the fiats or lower portions of plains, 
river-yalleys, and deltas, and as a con- 
sequence present little variety of sur- 
face or scenery. The Tertiary Sys- 
tem consists, in most areas, of clays, 
sands, gravels, marls, and occasional 
limestones ; are in general superficial 
and spread over plions and lowlands, 
and are rai*ely elevated into hills of 
any magnitude. Subjected to the 
long-continued influences of elevation 
and meteoric waste, the system pre- 
sents greater variety of surfsbce than 
the post-tertiary; and the districts 
round London, or the " London 
Basin," as it is termed, the " Hamp- 
shire Basin," and " Paris Basin," may 
be taken as average types of its 
scenery. The Cretaceous System is 
composed of sands and sandstones, 
clays, shales, and, notably in many 
areas, of thick beds of chalk or earthy 
limestone. Subj ected to atmospheric 
and other waste, this group is often 
worn into rounded hills and valleys, 
as is typically illustrated by the 
'* downs" and "coombs" of the south- 
eastern counties of England. The 
Oolitic System, as developed in Eu- 
rope, consists of clays, shales, sand- 
stones, and limestones ; the calcareous 
members in general predominating. 
Prom the harder nature of the calca- 
reous strata, they have resisted the 
effects of external waste better than 
the softer clays and shales ; and hence 
the undulating and pleasing character 
of much of the oolitic landscape. The 
New Red Sandstone, which comprises 
the Triassic and Permian Groups, 
consists, as its name imports, chiefly 
of sai^stones, sandy marls, and lime- 
stones. The sandstones and marls 
being of a soft and disintegrating 
nature, have largely yielded to ex- 
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tenud influences ; and hence mncli of that red tenadons day and 
moist pastnre-land which characterises so large a portion of new 
red sandstone districts. The GarhimiferouB System^ so called from 
its yielding in Britain our main supply of coal, is composed of 
sandstones, shales, fire-clays, ironstones, limestones, and coals ; 
and, unless where cut through hy hills of greenstone and basalt^ 
is generally overlaid by thick tenacious clays, which confer on its 
landscape a cold, moorland, and uninviting appearance. The Old 
Bed Sandstone consists mainly of reddish-coloured sandstones 
and conglomerates, with subordinate beds of limestone ; and, being 
frequently upheaved into hills, and cut through by ravines and 
valleys, presents greater diversity of surface and more amenity 
of landscape. The Silurian System, consisting of flaggy slates, 
schists, and limestones, and often upoome at hiffh angles by the 
older granitic hills, presents a bolder landscape dian the old red, 
but less abrupt and wild than the metamorphic and crystalline 
schists, whose splintery peaks and crags constitute so prominent 
a feature in all highland and mountainous scenery. 

29. Such are the leading features of the stratified systems, and 
by such, with a little practice, they may be readily detected in 
the various areas they occupy. As with the stratified so with 
the unstratified ; each great group — Volcanic, Trappean, and 
Granitic — ^has its own peculiar and distinctive features. The 
Volcanic, as already stated, are generally associated with the 
more recent formations, and consist of trachytes or greystones, 
various lavas, scoriae, and similar products. They rise up in dry 
rocky hiUs more or less conical and crateriform ; and these are 
perhaps more frequently grouped round some common centre 
than arranged in linear directions. The Trappean, so termed 
from the terraced aspect of many of the hills they compose, con- 
sist of greenstones, oasalts, felstones, porphyries, trap-tufb, and 
other kmdred rocks, and are generally associated with the se- 
condary and upper primary strata. They are usually arranged 
in hill-ranges more or less persistent, and, from their higher anti- 
quity and longer subjection to wasting influences, are more worn 
into rounded neights, exposed crags, slopes, and terraces, which 
confer on the landscape a beauty and diversity peculiarly their 
own. The Granitic, or oldest series of igneous rocks, consists of 
granites, syenites, porphyries, serpentines, and the like, which, 
from their more andent and deep-seated relations, are generally 
hard and crystalline in texture and massive in structure. They 
constitute the nucleus or backbone, as it were, of all the higher 
and older mountain-chains, elevating the metamorphic schists into 
splintery peaks and abrupt ridges, or presenting of themselves 
broad massive shoulders of cold, sterile moorland and unprofit- 
able heath. Yesuvius, Etna, and the hills of Auvergne may be 
taken as typical examples of the Volcanic ; the OchiLs and Sid- 
laws of the Trappean ; aud the Grampians, the Wicklow, and 
Cornish mountains of the Granitic. 
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« Connection between Geology and Physical Geography. 

30. Understanding the nature of the preceding subdivisions, 
the student will be able to attach some intelligible idea to such 
phrases as " the river cutting its way through secondary strata;'* 
" lying in an irregular tertiary basin ;" " crossing a plateau of 
triassic sandstones ;** "& cold, retentive soil, derived from the sub- 
jacent carboniferous rocks ;" " intersected by a low range of trap- 
hills, whose grassy slopes and terraces;" '* bounded by sterile 
granitic ridges, whose snow-clad summits; " and hundreds of others 
that are of continual occurrence in geographical descriptions. 
He will still more fully perceive the intimate connection of Geo- 
logy with his own immediate science, when he reflects that many 
of the soils which give character and colouring to vegetable 
growth are derived directly from the disintegration of tne sub- 
jacent rocks, and are farther affected in their fertility by the 
porous or retentive nature of the beds on which they rest. The 
soil derived from the Chalk, for instance, is light ana absorbent ; 
hence the short sweet herbage of the *' downs" of the south of Eng- 
land ; that derived from the marls of the New Bed Sandstone is 
stiff, retentive, and less fitted for tillage than for pasture ; the 
disintegration of trap-rocks, rich in soda, potash, and lime, yields 
a fertile, genial soil, which their structural fissures ever keep dry 
and pulverulent ; while the scanty disintegration of an imper- 
vious granite is poor, cold, and barren. We have seen, moreover, 
that every geological formation is less or more characterised by 
its own special features. The soft rounded outline of a chalk 
range is altogether distinct from the slopes, terraces, and conical 
heights of secondary trap-hills ; while these, on the other hand^ 
are widely different, both in outline and in vegetable covering, 
from broad-shouldered mountains of granite, or the splintery 
peaks of metamorphic strata. In fine, these formations and rock- 
groups constitute the framework on which the geographical fea- 
tures are moulded ; aud their inherent characters, as subject to 
external and internal change, have produced, and are ever pro- 
ducing, new variety of superficial aspect. Geology and Geography 
are inseparably connected ; and thus it is that some acquaintsuice 
with the nature and sequence of the rock-formations that consti- 
tute the solid crust, and with the causes that produce them, be- 
come so indispensable to the student of Physical Geography. 



EECAPITULATION. 

In the preceding chapter we have directed attention to the 
rocky structure of tl^e globe as that which gives colour and 
character to all external phenomena, and is, therefore, of per- 
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manent importance to the student of Physical Qeographj. We 
have spoken of the ** crust," composed of materials that can be 
seen and investigated, as distinct from the " interior^" of which 
nothing can be known by direct observation. This crust, oom- 
posed of stratified and unstratified, or of water-formed and fire- 
formed rocks, is held in habitable equilibrium between the dis- 
integrating forces of water from without, and the reconstruct- 
ing forces of fire from within. To these two opposing powers 
are chiefly owing the continuous geological modifications of the 
earth's crust — each modification representing a period during 
which certain rocks were formed, and the remains of plants and 
animals that then lived entombed in them in greater or less per- 
fection. These formations being arranged by the geologist in 
chronological sequence, and each varying in mineral character, 
and consequently conferring on the landscape different aspects, 
it is of importance in Physical Gleography to know the order of 
this arrangement, and the nature of these distinctions. These 
formations, we stated, had been arranged into certain systems, 
and these systems again grouped into certain periods, according 
to the leading features of their fossils, thus : — 



3. CretaceoiUL 

4. Oolitic. V Mbsozoic. 

5. Triassic. 

6. Permian. 

9. Silurian. 
10. Metamorphio. . Htpozoio. 



} 



As with the stratified so with the unstratified — ^their arrange- 
ment into VoLCANics, Trappban, and Granitic expressing the 
relative antiquities and nature of the great igneous groups that 
give character and individuality to the hills and mountain-ranges 
of the globe. So far, then, as diversity of surface, fertility of 
soD, character of landscape, and similar peculiarities, are con- 
cerned, the connection between Physical Geography and Geology 
is intimate and inseparable ; and hence the necessity that the 
student of the one should be less or more acquainted with the 
leading facts of the other. 



IV. 



DISTEIBUTION OP LAND AND WATEE. 



Their Relative Positions and Areas* 

31. Having noticed the general conditions of the Earth as a 
member of the solar system, and having abo adverted to the 
structure of its own rocky crust as the groundwork of all geogra- 
phical diversity, we now proceed to consider the more intimate 
relations of its sur&ce as composed of Land and Water. When 
we speak of the earth's surfeice as composed of land and water, 
we mean that all the more elevated portions of the crust stand 
out as dry land, while the lower and more depressed are covered 
by the waters of the ocean. Geologically speaking, the relations 
of land and water are continually, though slowly, undergoing 
change and modification ; geographically speaking, and within 
the limits of such mutation, what are the respective areas of land 
and water, their positions on the earth's surface, their actions and 
reactions on eacn other in consequence of their different extents, 
positions, capacities for heat, &c. t and what the influence of Uiese 
reactions on currents, winds, rains, and all those kindred pheno- 
mena that constitute climatic diversity ? The present distribu- 
tion of land and water tends to the production of certain physical 
and vital results, and the explication of these results forms the 
sum and substance of our science ; but no portion of the present 
distribution could be altered either in its position, extent, or con- 
figuration, without being accompanied by a modification of these 
results, so intimatelv is the one element bound up with the other 
in the production of a definite and harmonious whole. 

32. j^s formerly stated, the superficial area of the globe has 
been computed at 197,000,000 square miles. Of this amount 
about 51,600,000 coiisists of dry hind, and about 146,600,000 of 
water. The proportion of land to that of water is, therefore, 
nearlv as one to three; or, expressing it fractionally, while one- 
fourth of the earth's surface is composed of dry land, the other 
three-fourths are covered by the waters of the ocean. Considered 
in hemispheres, northern and southern, the proportions of land 
«nd water are nearly as follows : — 
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Northern Hemisphere, Land, 88,000,000 square miles. 

Do. do. Water, 60,500,000 „ 

Southern Hemisphere, Laud, 13,500,000 „ 

Do. do. Water, 86,000,000 „ 

The boundaries of this terraqueous arrangement fLat. terra, land ; 
aqua, water) are extremely irregular. Here the land spreads 
out in broad unbroken masses, there the waters stretch away in 
vast continuous expanses ; here the land rises up in mere specks 
and fragments, there the water inserts itself among them in 
areas equally limited and irregular. Here the land juts boldly 
out into the ocean, there the ocean runs sharply into the land ; 
here the land trends uninterruptedly for leagues, there the 
ocean embays itself with gentle curves into the bosom of the 
land. Although this distribution seems to obey no regular order, 
and has been continually changing throughout all geological 
time, yet we may rest assured — and not the less assured because 
we are unable to discover it — that there is a law governing: the 
insensibly varying relations of sea and land, and defining their 
respective amounts. The boundary between the land and water 
is known as the shoreline or coast-line — the former having more 
especial reference to the margin washed by the waves, the latter 
to the terrestrial verge that opposes the ocean. The space alter- 
nately covered and laid bare by the tides is termed the beo/ch or 
strand, and the fringe of land bordering on, and more or less in- 
fluenced by, its proximity to the sea, is spoken of as the sea^board 
of a country or continent. This sea-belt is generally marked by 
the peculiarity of its plants and animals, as well as by the char- 
acter of its inhabitants — these differing in many points from 
those of the interior or inland districts. In like manner, on the 
configuration of the shore-line depends much that relates to the 
climate as well as to the industry and commerce of a country. A 
regular and unbroken coast is generally an exposed and unse- 
nial one, and one unfavourable to maritime enterprise ; while 
one indented with gulfs and creeks and bays has more of genial 
diversity, and is better fitted for the purposes of navigation and 
commerce. 

33. A glance at the Map of the World will show that the land- 
masses are situated chiefly in the northern hemisphere — there 
befng about three times as much land in the northern as there is 
in the southern hemisphere. And if we look at the distribution 
of this land as regards the zones of temperature, we will flnd that 
the greatest proportion is situated in the North Temperate Zone^ 
or in that wnich contains all the better portions of Europe, Asia, 
and North America ; while only comparatively narrow or isolated 
tracts are cut directly by the equator or central Torrid line. An- 
other glance at the map will show that, while the land lies in 
broad aiid unbroken masses towards the north, it stretches to- 
wards the south in curious gradually-tapering projections. Again, 
if the globe be divided into two hemispheres, as shown in the ac- 
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BiaTRIBCTION OF LAND AND 



eompanjing illastratioD — tbe one baling London fi^ its pole, and 
tfae oUier bavins that of Antipodes Istuid, near New ZaftlAnd — 
the former will be found to contain Dearly All the land-maBsea, and 
may therefore be called the Continental or Xanif i/<mM;>Aer^ while 




the other contains tbe greater proportion of the water-ezpansea, 
And maj for that reason be termed tbe Oceanic or WaUr Htmi- 
iphere. These and other noticeable fiwte connected with the 
arrangement of sea and land have been adverted to bv geogra.- 
phere ; and though it mtiat be confessed that many of their cona- 
pariBOUS are more coriooa than saggeative, there can be no doubt 
that the present distribation is the reaalt of some great cosmieal 
law — A law concerning tbe nature of which neither Qeologj nor 
Qec^raphy can give any certain indieation. This much, however, 
Qeofogy has shown, that the present arrangement is not the 
arrangement that obtained in lonner ages, and that continents 
existed where seas now roll, and bbbh extended where continents 
are now established. We can readily account for the minor mo- 
di£catioQH of coast-linea — -why some portions, composed of hard 
enduring rocks, should standontin bold projections, while others, 
consisting of soft and wasting material, should be worn into bays 
and irregular recesses ; but of the greater forces that slowly up- 
heave some regions, And as eradu^ly submerge others, we are 
altogether ignorant. But while we fail to account for the present 
distribution of sea and land, and while we find that it is con- 
tinually undergoing modifications under the operation of geolo- 
gical forces, we know that theee chAsges are so silent and gradual 
as scarcely for ages to interfere with our ideas of geogrAphical 
permanence and stability. 
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Their Subdivifdons, Extent, and Nomenclature. 

34 Admitting this condition of the terraqaeous surface, it will 
be seen, on further reference to the map, that the Land is broken 
up into two main masses, — that of the Eastern Hemisphere — em- 
bracing Europe, Asia, and Africa, and described, from its being 
the only portion known to the ancients, as the Old World, — and 
that of the Western Hemisphere, including North and South 
America, and known (from its comparatively recent discovery by 
Columbus in 1492) as the New World. Properly speaking, there 
are only two great continuous land-masses or continents (Lat. 
con and tenens, holding together) — ^that of the Old World and that 
of the New ; but geographers usually speak of six continents or 
principal sections — viz., those of Europe^ Asia, Jfrica, North 
America, South America, and Australia, Australia and its 
contiguous islands, together with those of the Southern Ocean, 
are frequently grouped as the sixth great division, under the title 
of Oceania; but of this and other minor distinctions when we 
come to treat of the continents in detail. The areas of these re- 
spective continents or quarters, as they are sometimes termed 
(though the " four quarters " of our forefathers embraced only 
Europe, Asia, AMca, and America) have been computed, with 
their respective islands, as follows : — 

Old World, or Eastern Continent, 31,250,000 square miles. 

Europe, 3,726,000 „ 

Asia, 16,165,000 „ 

Africa, 11,360,000 „ 

New World, or Western Continent, 14,900,000 „ 

North America, 8,080,000 „ • 

South America, 6,820,000 „ 

Oceania, or Maritime World, 4,200,000 „ 

The islands included in the above estimate are sometimes soli- 
tary and independent, as Iceland, Spitzbergen, Nova Zembla, 
Madagascar, New Zealand, &c. ; are occasionally curiously con- 
nected with the extremity of some peninsula or continent, as 
Terra del Fuego, Sicily, Ceylon, Van Dieman's Land, &c. ; but, 
on the whole, are most frequently found in clusters or archipe- 
lagos (a term originally applied to the isles of Greece), as the 
West Indian Islands, the Isles of Greece, the East India Islands, 
the Japan Isles, and many others that must at once present 
themselves on the most cursory inspection of the Map of the 
World. 

35. In describing the features and peculiarities of the land, 
geographers make use of the following designations, which, though 
^miliar in everyday language, may here, for the siake of meth^, 
be briefly ^capitulated. Thus, a continent, as already indicated, 
is any extensive region uninterrupted by seas ; an island, any 
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smaller portion surrounded by water ; & peninsula (Lat.^ almoBt 
an island), a portion nearly surrounded oy water ; an isthmus, 
the narrow neck that connects two adjacent masses of land, or 
a peninsula, with the mainland ; and a cape, promontory^ head- 
land, or new, a point of land jutting out into tne water. Besides 
these terms, which refer to the contour or disposition of the land 
as surrounded by water, there are others which relate to surface 
configuration or vertical reliel Thus, extensive flats are known 
as plains, steppes, prairies, pampas, and the like ; smaller flats, 
as valleys, dales, straths, carses, &c. ; lands elevated more or less 
abruptly above the general surface are spoken of as rising into 
hills, or, still higher, into mountains ; hills and mountains may 
stand less or more apart from each other and be isoUUed — ^may 
occur in groups, as if connected with a common centre — or they 
may stretch away in determinate courses known as chains and 
ranges ; while level elevated tracts are spoken of as table4ands 
and plateatue. 

36. Though encircling the globe on every side, and in all its 
parts most intimately connected with one great ocean, the Water 
is still divisible into certain areas that are more or less defined 
by the intervention of the land. Thus, on the west of tJie Old 
World, and between it and the New World, extends one main 
division known as the Atlantic (so called by the ancients from 
its washing the western base of Mount Atlas in Africa) ; on the 
west of the New World, and between it and the Old, expands 
another natural division, termed the Pacific (from its comparative 
freedom from storms) ; while between Australia and its contigu- 
ous islands on the east, and Africa on the west, lies the Indian 
Ocean. It is usual, however, to speak oifive great oceans — viz., the 
Atlantic, Pacific, Indian, Arctic, and Antarctic — the two latter 
being respectively within the arctic and antarctic circles. In 
geographical descriptions it is also useful to employ the terms, 
^' North and South Atlantic," and " North and South Pacific,'* 
and to speak of the expanse that stretches away in unbroken 
vastness between the Indian Ocean and the south pole as the 
*^ Great Southern Ocean.'' The areas of these respective expanses 
ai*e usually stated as follows :— 

Pacific Ocean, 60,000,000 square miles. 

Atlantic Ocean, 26,000,000 „ 

Indian Ocean, 17,000,000 „ 

Arctic Ocean, ? „ 

Ajitarctic Ocean, t „ 

Being ignorant of the amount of land that lies within the arctic 
and antarctic circles, and also of the exact extent of many islands 
both in the northern and southern oceans, the above must be held 
as approximations mei*ely ; and further, as amounts that do not 
embrace the areas of imand seas — such as the Grerman, Baltic, 
Mediterranean, Bed, Black, Ouspian, &c. — ^which occupy, as will 
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hereafter be seen, considerable and important spaces on the sur- 
face of the globe. 

37. In treating of the waters of the globe, though there is, 
strictly speaking, only one great ocean, the term ocean is applied 
to the large uninterrupted expanses above defined ; smaller areas 
are known as seas ; gradual bondings of the water into the land 
as hays; deeper indentations as gulfs ; minor and sudden inden- 
tations as creeks, inlets, arms, &c. ; the narrow belts or openings 
connecting two adjacent seaA as straits or channels ; ana where 
the sea stretches inland to receive the waters of a river, sudi an 
expanse is known as k firth or estuary. Besides these, there are 
other local and restricted terms — as the ^^orc^ or rocl^ inlets of 
Norway — the lochs or lake-like sea-arms of Scotland — ^the lagoons 
or shallow intercepted sheets that occur along the shores of the 
Adriatic and other seas ; but these will be best described under 
the respective areas to which they belong. Again, referring to 
the depth of the ocean, whose bed seems to be as irregular and 
varied as the surface of the dry land, geographers speak of deeps 
SLndpits; of shoals and banks ; of sounds that may be readily 
reached by the sounding-line ; of roads and roadsteads for an- 
chorage ; of harbours or landlocked inlets for shelter ; and similar 
terms, whose meanings are so obvious as to require no special 
definition. 

dS. Besides the ^reat oceans and inland seas above alluded to, 
and which all consist of salt water, there are other considerable 
volumes that belong more especially to the land, and which con- 
sist mainly of fresh water — comparatively few being brackish or 
saline. These are the spririgs issuing from the earths crust, and 
more or less impregnated with the mineral substances through 
which they have percolated ; the streams or runnels of water 
formed by the union of several springs ; the rivers formed by the 
union of streams, and often traversing whole continents with 
gradually-increasing volumes ; and the lakes, which occupy de- 
pressions in the land, and most frequently lie along the courses of 
rivers, though occasionally occurring isolated, and apparently fed 
by springs, or, if receiving the waters of a river, have no river of 
discharge, but give off their surplus water by evaporation. The 
amount of surface occupied by these inland waters it is impossible 
to estimate with anything like accuracy, but the main volumes, as 
will be seen when we come to treat of the '^ Biver-systems," are 
the North American lakes, the lakes of northern Europe and central 
Asia, and the greater rivers — as the St Lawrence, Mackenzie, and 
Mississippi in North America — the Amazon, Orinocco, and La 
Plata in South America — the Nile and Niger in Africa — the 
Granges, Indus, Yang-tse-kiang, Lena, Yenesei, and Obi in Asia — 
and the Volga and Danube in Europe. 
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Actios and Reaction of Land and Water. 

39. Sach is the relative distribation, and such the general fea- 
tured of the land and water that form the surface of the terraqae- 
01U globe. Whatever mav have been their distribution in former 
ages as revealed by Geology, one thing is obvious, that in the 
present era they are, within certain limits of change, mutually 
adapted and harmoniously adjusted. The land absorbs and 
radiates the sun's heat more readily than the water, and thus, 
while parched and thirsty in summer, it is refreshed and vivi- 
fied by the moisture evaporated from the more extensive ocean ; 
while in winter its tenoency to grow colder is modified by the 
heat given o£f by the ocean, whose slower radiation renders it, as 
it were, a great storehouse of latent heat for the exigencies of the 
land. Besides this interchange of heat and moisture, there is also 
the interchange of aerial currents and winds caused by the un- 
equal capacity of the two great surfaces for heat, and thus, as 
will be more fully explained hereafter, the whole machinery oi 
climate — hot winds, cold winds, vapours, rains, and the like — is 
set agoing by the primary di£ferences existing between land and 
water. As at present distributed, a certain amount of moisture 
is evaporated m)m the ocean and carried to the land, a certain 
amount of heat is interchanged, certain winds blow at certain 
seasons, certain tides rise and fall, and certain currents flow in 
performance of certain functions ; but all this would be changed 
Dv the slightest alteration either in the relative areas, in the rela- 
tive configurations, or in the relative positions of land and water. 
In their present areas, configurations, and dispositions, the two 
elements are harmoniously co-adapted for the production of cer- 
tain results, geological, climatological, and vital ; and the student 
must readily perceive how the force of tides and waves and cur- 
rents would be altered, the climate of regions changed, and their 
plants and animals affected by the slightest disturbance in the 
existing terraqueous arrangements. The terraqueous an*ange- 
ments of time past, with all their accompanying phenomena, 
belong to Geology ; the arrangements of the present constitute 
the sum and substance of Physical Geography. 



RECAPITtJLATION. 

The facts detailed in the preceding chapter are so simple and 
obvious, that they require little recapitulation. The surface of 
the globe, or that which comes in contact with the atmosphere, 
is partly occupied by land and partly by water — the former 
forming more than a fourth, and the latter about three-fourths 
of the entire area. On a cursory inspection of the map of the 



JmMSimmt^m » i'^— ■■ ^s^mmm>m»»t^tt-mi^ 



BEGAPITULATION. 43 

world, the land will be seen to resolve itself into two main 
masses — the Eastern hemisphere, or Old World, and the West- 
em hemisphere, or New World ; and these by geographers 
are usually further subdivided into the so-called quarters or 
continents of Europe, Asia, and Africa in the former, North and 
South America in the latter, together with a south or insular 
division, embracing Australia, &c., under the name of Oceania. 
Of these continents the greater portion lies in the northern 
hemisphere, the broader masses spreading out towards the north, 
and gradually narrowing towards the south, in the cape-like pro- 
jections of South America, Africa, Hindoostan, and the Malayan 
peninsula. The ocean, though encircling the globe on every side, 
and stretching from pole to pole, is also arranged in areas more 
or less defined by the intervention of the land-masses. The main 
divisions are the Atlantic, the Pacific, Indian, Arctic, and An- 
tarctic Oceans, which for convenience of description are frequently 
subdivided into North and South Atlantic, North and South 
Pacific, Northern, Southern, and Polar Seas. The technicalities 
employed in treating of the relations of land and water — shore- 
line, coast-line, island, peninsula, isthmus, cape, bay, gulf, strait, 
channel, and the like — are so obvious, and of such frequent use 
in everyday language, as scarcely to require any special explana- 
tion. The physical results arising from the present distribution 
of sea and land are manifested chiefly in tides, currents, imequal 
reception and radiation of the sun's heat, and as a consequence 
winds, vapours, rains, and aU the other phenomena that give rise 
to climatic diversity. What may be the cause of the present 
arrangement of sea and land — why the land should lie chiefly in 
the northern hemisphere, and largely within the temperate zone, 
while it disappears in a succession of narrow cape-like lobes to- 
wards the south — neither Geology nor Geography can determine. 
One thing, however, is certain, that it is part of a great geological 
sequence of continuous oscillations between sea and land, each 
change being attended by its own physical and vital phenomena ; 
and that, as in the past history of the globe so in the present, no 
alteration in this terraqueous arrangement can take place with- 
out a corresponding alteration in all the essentials of Physical 
Geography. 



V. 



THE LAND — ^IT8 SUPERFICIAL CONTTGUBATION. 

40. Havikg glanced at the distribution of land and water, and 
their general refations to each other as composing the terraqaeous 
surface of the globe, we may now proceed to consider their spe- 
cial features,— the mountains, table-lands, plains, and vallejs of 
the one — the composition, depth, temperature, tides, and currents 
of the other. And, first, in the present chapter, of the Land, 
whose features are more within our reach, and have been longer 
and more minutely the subjects of geographical investigation. 
How, for instance, is it disposed on the surface of the globe ; and 
what the outline of its form as regards the ocean by which it is 
on every side surrounded ? This, in geographical language, is its 
contour, or line of horizontal configuration. How, again, does it 
rise above the water ; and what the surface inequalities presented 
to the atmosphere by which it ia enveloped ? This is its vertical 
re^ie/'— contour and relief embracing all that relates to the super- 
ficial configuration of the Land. 



Contour or Horizontal Disposition. 

41 . Though Geology and Geography are alike unable to account 
for the present disposition of sea and land, there are still some 
features in the contours of the respective continents that demand 
a passing notice. Not that we can account for these features, 
nor that they are deserving the attention some geographers have 
bestowed upon them, but simply because they are arrangements 
productive of obvious results, and as such cannot be overlooked in 
our review of physical causation. Thus, though the greater bulk 
of the land lies in the northern hemisphere, the greatest exten- 
sion of the Old World continent is from east to west, while that of 
the New World is from north to south. In this way the Old World, 
lying largely along the same zones, presents a greater uniformity 
of external conditions * while the New World, crossing the zones — 
frigid, temperate, ana torrid — is subject to a greater diversity of 
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temperature, and, as a consequence, to all the conditions that 
arise from this diversity. 2. Both continents attain their greatest 
dimensions from east to west along the same parallel of attitude 
— namely, that of 50° north — a disposition that places much of 
North America, Europe, and Asia within the temperate zone, 
while only the narrower portions of South America, Africa, and 
the East India Islands lie directly under the burning heat of the 
equator. 3. Both continents, as formerly noticed, spread widely 
towards the north, where they nearly approach each other, and 
terminate broadly along the same parallel (72*" N.), or nearly so ; 
while towards the south they graaually grow narrower, and ter- 
minate in far-separated promontories. 4. In like manner, the 
direction of all the principal spurs and peninsulas in both con- 
tinents (California, Florida, Greenland, Scandinavia, Spain, 
Greece, Hindoostan, Malay, &c.) is towards the south — a feature 
by far too general not to suggest to the inquiring mind a same* 
ness in the producing cause. 5. These southward-trending spurs, 
moreover, are in most instances curiously accompanied by an 
outlying island or islands — as South America by Terra del Fu^o 
and the Falkland Islands, Africa by Madagascar, Hindoostan by 
Ceylon, and Australia by Tasmania. 6. The general disposition 
of the continents and larger islands is in the direction of their 
principal mountain-axes ; so that, given the direction of the moun- 
tain-chains, we know the longitudmal disposition of a continent ; 
or, given the direction of a continent, we can foretell the strike of 
its mountains. 7. The almost complete separation of South 
America from North America, of Africa from the Old World, and 
the complete severance of Australia from Asia, as well as the 
curious resemblance that obtains between North America with the 
West India Islands on its south-east, Europe with the Grecian 
islands on the south-east, and Asia with the Indian Archipelago 
on the same quarter, are curious coincidences that have long been 
noticed by geographers. 8. The general tendency of islands to 
arrange themselves in clusters or archipelagos is a fact also sug- 
gestive of a common geological cause and origin. And, lastly, 
the numerous indentations of the sea that confer irregularity and 
extent of coast-line on the land in the northern hemisphere is a 
feature that strongly contrasts with the uniform and unbroken 
coastiB of South America, Africa, and Australia in the southern 
hemisphere. Indeed, this last relation — viz., that of a broken and 
deeply-indented coast-line, furnished with peninsulas, gulfs, inland 
seas, and harbours — is one of the most important in Physical 
Geography, as on it depend greater diversity of climate and 
proouctions, and all those facilities for navigation and com- 
merce which confer on nations their wealth, power, and inde- 
pendence. Europe and North America stand pre-eminent for 
their extent of coast-line, the former having one mile of coast for 
every 170 square miles of sur&ce, and the hitter one mile of coast 
for every 260 square miles ; a proportion more than double, and 
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in ■ome initaoca eren tour tiroes, that of the otiier eontinoita ; 
henM one grest phjsical reaion for the maritiine entu^tfia^ 
commerce, 111(1113117, '^<' civilisation of their inhabitantB. 

42. Besides the preceding uialocies, there an wreral othen 
that hare been noticed bj get^raphera ; and thon^ snch toat- 
pariiHina are often more fanrilnl than real, they are all lees or 
more snggestire, and maj occaeionallj^ lead to satiBfactorytheiHT. 
But whatever maj have been the causes that prodnced the 
present arrangement of the land-masaes, no change coold take 
place in their relative situations without being attended bj 
corresponding changes in the nature of their climate and in the 
character of tlieir vegetable and animal inhabitants. Had thej 
lain chieflj vitbin the tropics, been situated partly in the 
northern and partly in the BODtheni hemiaphere, with a broad 
belt of tropical ocean between, been arran^d either lon^tndi- 
nally or latitndinally in parallel zones, or been broken op into 
■mailer masses by the more frequent intervention of the ocean, 
a totally different set of climatic agents would have prevailed, 
and been consequently attended by a totally different distribii- 
tion of plants and animals. As it is, and in the words of an 
eloqnent authority, " each of these terrestrial masses, considered 
as a whole, as an individual, has a particular disposition of its 
parts, and the forms which belong to it— a situation relatively 
to the rays of the snn, and with respect to the seas or the neigh- 
bouring maaaes, which is not foond identically repeated in any 
other. All these various causes excite and combine, in a manner 
infinitely varied, the play of the forces inherent in the matter 
which composes them, and secure to each of them a climate, a 
vegetation, and animal life ; in a word, an assemblage of nhysical 
characters and functions which are peculiar to it, and which 
really give it something of individuahty," It is this indimdu- 
aliiff of the land-masses, and the study of its character, which 
constitutes, in fact, the very purport and essence of Physical 
Oeograpby. 



Vortical Relief or Eieratlon. 

43. Next to the contoiir or horizontsl confiirn-^Uiiiii of the 
land, the moat important feature is its vertical iv/iei' or elevation 
above the level of the ocean. As the podtio! 
degrees north or south, its diapositi^ fl' 
Ubtude or along the meridians, or ita^"*" 
by seas or lying in one unbrokmiT 
nature of its climate, so ita "*^' 
reaolts— every rise of 300 w 
the temperatnre by one d 
determine with satia&ctioa G 
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existiDg position and oontonr of the continents, we know, at least, 
that the main instruments of their surface diversity into moun- 
tain and valley, table-landl and plain, are the vulcanic forces act- 
ing from within. These, in obedience to some great law, have been 
continuously and gradually shifting place from the earliest traces 
of geologic history ; at one time, and extensively, along the old 
granitic ranges of Europe, Asia, and Africa — at another, and 
with equal intensity, along the secondary hills of the same con- 
tin ents--and now, with apparently unabated vigour, along the 
main ridges of America, the islands that skirt the eastern shores 
of Asia, and the groups that stud the bosom of the Pacific. These 
successive shiftings and upheavals form, in fact, part and parcel 
of the great machinery of the globe — a machinery by which the 
sea-bed is upheaved into new hmd, and old surfaces submerged 
beneath the ocean — and this continuously, successively, and, in 
all likelihood, in an order which geology shall one day or other 
be enabled to determine. Besides the more obvious operations 
of the earthquake and volcano, there is also that slow but gradual 
elevation and depression of vast regions {e.g., the uprise of 
northern Scandinavia, the depression of South Greenland, the 
uprise of the Arctic islands, &c.) which, in course of time, must 
effect most important changes ; and to these combined forces^ 
assisted by the wasting and wearing of air and water, are to be 
mainly ascribed the principal features in the vertical relief or 
superficial diversity of the Land. 

44. Among these features maybe noticed — firsty that in all the 
continents there is a gradual rise from the sea-shore towards 
certain points or ridges m the interior — ^the spaces occupied by a 
few depressed areas, as the Caspian, &c., being too limited to 
affect the results of the general configuration. These ridges or 
points of maximum swwl form the grand watersheds of their 
respective continents, and a glance at the courses of the principal 
rivers will at once direct the eye to the line of these mountainous 
elevations. 2. In all the continents this line of greatest eleva- 
tion does not occupy the centre, but is placed more towards one 
side than another ; hence arises two slopes of unequal length — 
the long side forming the sliype, and the shorter the counter-slope 
of the continent. In the Old World the long slopes are turned 
towards the north, and the short towards the south ; while in 
the New World the gentle slope is towards the east, and the short 
and rapid one towiuxls the west. 3. Though this difference of 
arrangement in the slope and counter-slope takes place in the two 
worlds, there is still in both a general flattening of the land 
towards the north, and a general rise and irregularity of its sur- 
face towards the south — a disposition that tends to counteract 
the effects of the northern cold, and to temper the burning heats 
of the tropical regions. " If this order were reverfled," says M. 
Guyot, *' and the elevations of the lands went on increasing to« 
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wards the north, the most dyilised half of the globe, at the 
present day, wonld be a frozen and nninhabitable desert." 4. That 
the grand eloTations or moantain-ranges lie in the direction of 
the greatest length of a continent ; in fact, it is the great lines or 
axes of upheaviu that confer on the continents their main relief 
or configuration. Thus, in the New World, whose greatest length 
is from north to sonth, the ranges of the Andes and Bocky Moun- 
tains, the Cordilleras of Brazil, and the Alleghanies of the United 
States, stretch all more or less resularly in the same direction. 
In the Old World, on the other hand, whose greatest length is 
from east to west, the ranges of the Pyrenees, Alps, Carpathians, 
Caucasus, Himalayas, and Altai, lie chiefly in the same direction, 
throwingthe great rivers to the north and south of these water- 
sheds. The backbone, if we may so speak, of the New World, is 
the great mountain -chain that extends uninterruptedly from 
Patagonia on the south to Russian America on the north ; while 
the backbone or framework of the Old World is similarly com- 
posed of a series of ranges that extend with but little interrup- 
tion from the Pyrenees on the west to Kamtschatka on the east^ 
5. As with the continents so with the principal islands and 
peninsulas, they are all less or more contmuously traversed by 
mountain or hiU ranges in the direction of their greatest length— 
as witness Scandinavia, Italy, Kamtschatka, M^ya, the islands 
of the Indian Archipelago^ Madagascar, California, and Green* 
land. 

45. Beserving the arrangement of the world's highlands into 
mountain-chains and systems for subsequent consideration, it 
may be noticed, in the mean time, that the loftiest ridges in the 
vertical relief of the land are those of the Himalaya in Central 
Asia, whose highest peak is, in round numbers, 29,000 feet ; next, 
those of the Andes, in South America, 24,000 feet ; the Cordil" 
leras of Mexico, in North America, 17,740 feet; the Alps, in 
Europe, 15,740 feet; the Abyssinian Mountains, in Africa, 
14,720 feet ; and the highest ascertained points in Malaya, Aus* 
tralia, and Polynesia respectively, 15,000 feet, 7,000 feet, and 
16,000 feet. These altitudes, however, convey no idea of the 

general relief of the several continents, whose superficial aspects 
epend more on the table-lands and plains, the hill-ranges and 
valleys, than on the extreme heights of their principal moun-^ 
tains. Indeed, so small a proportion do these extreme ridgea 
bear to the great mass of the continents, that it has been ^- 
culated by Humboldt that the Alps, spread equally over the sur- 
fjEu:e of Europe, would ittise the general level not more than 21 
feet ; while the vast mountain-chains of Asia, treated in a similar 
manner, would not add more than 150 feet to the general eleva* 
tion of that continent. Blending all their heights and hollows 
into a general average, the mean elevations of the respective con^t 
tinents above the sea-level have been calculated as follows:—* 
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Europe, 134^ feet ; Asia, 2264 feet ; Africa, 1800 feet ; North 
America, 1496 feet ; and South America^ 2302 feet ; or, taking 
the whole — continents and islands, mountains and plains — the 
mean elevation of all the land has been estimated at somewhat 
less than 1000 feet. As the surface of the dry land presents its 
plains and mountains, and the sea-bed its shoals and depths, so 
it is usually imagined that the depressions of the one sink in pro* 
portion to the elevations of the other. For this belief, however, 
there is no foundation in fact. On the contrary, judging from 
the greater extent of the ocean, the soundings we already possess, 
and the small mean elevation of the dry land, it seems more 
reasonable to conclude with Sir John Herschel, that " the mean 
height of the sur&ce of the dry land most probably does not 
exceed one-fifteenth of the mean depth of the ocean.*' At all 
events, in the absence of reliable soundings for extreme depths, 
and with so much of the ocean-bed unexplored and imknown, it 
is better to avoid such comparisons, and to deal with the vertical 
relief of the land on its own merits, and as a thing in a great 
measure already determined. 



KEOAPITTJLATION. 

It will be seen, from the facts stated in the preceding chapter, 
that the three great elements in the configuration of the land 
are relative position, contour, and vertical relief. By relative 
position is meant the place an island or continent occupies on 
the sur&ce of the globe ; and just as this position is frigid, tem- 
perate, or tropical — as it lies in broad parallelism along the same 
zone, or crosses meridianally two or more zones — so will its 
climate be genial or ungenial, uniform or diversified. The causes 
that have determined the position of the existing continents lie 
&r as yet beyond the indications of science, though we may rest 
assured that in the gradual shiftings of volcanic energy from 
centre to centre, and in the alternate uprise and submergence of 
large tracts of the earth's crust, we behold the results of a defi- 
nite and continuously operating law. By contour is meant the 
outline or figure which the land receives by being surrounded by 
the water ; and just as this outline is simple and uniform, or irre- 
gular and indented by seas, bays, and gulfs, so will its external con- 
ditions be varied, and its coasts better fitted for the purposes of 
navigation and commerce. This contour depends mainly, of course, 
upon the original inequalities of the crust, but partly also upon 
the waste and degradation which all coast-lines suffer from the 
ceaseless action of the ocean. Combined, as in the case of Europe, 
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with favoarable relative position, it exerciBefi moat impcoiant in- 
flaeucee on climate, productioiu, induBtrj, enterprise, and civili- 
Bation. By vaiical relief is meant the elevation of the land above 
the level of the ocean; and just as this is regular or irregalar, low 
or lofty, so will the whole character at a country be determined. 
A few handred feet mor« or leas of elevation is sufficient to 
change the whole physical aspects of a country — converting arable 
fields and vineyards into pasture-laoda, pasture-laads into pine 
forests, and pine forests into regions of everlasting snow and 
glacier. Relative position, contour, and relief being alike influen- 
tial in modifying dieextAmalconditionsof aregion, the accural 
of tbeir determination ia of prime importance in all geographical 
descriptions. Latitude and longitude determine the position ; 
a sufficient number of similar observations fix the contoor ; and 
trigonometrical survey or barometrical observation (mercurial or 
aneroid) can define the relief oi outline of elevation. Position 
and contour are readily shovm on maps by actual outline ; re- 
lief can be indicated by a scale of shading, or, more accurately, 
by a system of contouring, as shown on Plate I. (Chartography) 
of the ' Physical Atlas.' Thus, taking the shore-line, whi(^ is 
all necessarily on the same level, aa the first contonr, we 
may have similar lines taken at every. 60! feet, or every 100 




feet, of ascent, and these (when the obserTations are sufficiently 
numerous) will exhibit with great accuracy the risings and iall- 
ings of the sorfitce configuration. Such a series of lines j^ves, aa 
it were, the moolding o - -' • -'"^- 



r model of the sorface, and a section of 
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this model in any direction will show the profile for that direc- 
tion. Suppose an island, for example, with its contours taken at 
every 100 feet of ascent to be represented by fig. 1, then fig. 2 will 
show the same in profile or absolute elevation in the line of 
section A B. The steeper the ascent, the closer, of course, will 
be the lines of contour ; and the gentler the slope, the more 
widely apart will these lines be — a greater extent of surface 
having to be travelled over. It is by such sections that the 
profiles of the different continents are usually shown, as will be 
more fully illustrated when we come to treat of the Mountains 
and Table-lands in the succeeding chapter. 
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Mountams^ their Characteristics and Origin. 

46. Haying directed attention to the general configuration of 
the land as dependent on its contour and relief, we now proceed 
to notice the special features of that relief as exhibited in its 
mountains and mountain-chains — its table-lands and plateaux. 
And, first, of the mountains, which have long attracted the atten- 
tion of geographers as one of the most obvious causes of climatic, 
vital, and political diversity. Defining a mountain as '^any por- 
tion of the earth's crust rising considerably above the surround- 
ing surface," it must be remembered that mountain - ranges 
are not mere ridges rising abruptly on one side and descending 
as abruptly on the other, but are in reality elevated tracts, often 
of great breadth as well as length, and consisting of rounded 
heights, lofty peaks, and boldly-escarped plateaux, with interven- 
ing valleys. As, geographically speaking, a mountain-ranffe is 
not a single ridge of elevation, but a brotherhood of many eleva- 
tions ; so, geologically speaking, it is not a simple upheaval, the 
result of one paroxysmal outburst, but the work of innumerable 
volcanoes and earthquakes operating through many ages. A 
mountain-chain ten or twenty thousand feet in height and hun- 
dreds of miles in length, is thus a thing of slow and gradual 
growth — upheaval after upheaval, and eruption after eruption 
contributing to augment the mass of final accumulation. And 
as the vulcanic forces necessarily upheave and disrupt the strati- 
fied systems through which they pass, bearing them up on the 
mountain-flanks, or imbedding them amongst their ejectments, 
so we can judge of the relative age of mountain-ranges from their 
associated strata, and say whether they were formed during pri- 
mary, secondary, or tertiary eras. It is in this manner that 
Geology enables Greography to account for the external charac- 
ters of mountains, and to explain why some should be massive 
and rounded in outline, others serrated, with snlintery peaks and 
pinnacles— some conical and dome-shaped, ana others again ter- 
raced by crags, or sloping away in long gentle declivities. 
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47. Understanding the general character and formatidn of 
mountainous elevations, we may explain that the term TnourUain 
is usually applied to heights of more than 2000 feet — all beneath 
that height being regarded as ^t^. and those of still minor eleva- 
tion as hillocks. A mourUainr^hain or mountain-range is a 
series of elevations having, their bases in contact, and their axes 
or lines of elevation continuous over a considerable extent of 
country, as the Grampians, Urals, or Andes ; a group consists 
of several ranges more or less connected ; and a system, of several 
g^ups that evidently belong to the same set of geological opera* 
tions. Motmtain-summits are distinguished by such terms as 
coneSf when gradually tapering to a point, ias in volcanoes; domes, 
when more massive and rounded ; 'peaks, when abrupt and insu- 
lated ; and by the French word aiguilles, or needles, when still 
more pointed, splintery^ and detached. Their outlines or profiles 
are spoken of as undulating, serrated, rugged, and the like, as 
the case may be ; and their sides are said to consist of slopes, 
terraces, escarpments, and precipices, or of a combination of these 
-'-Hsuch features depending partly upon their geological structure, 
and partly on the amount of waste and degradation to which 
they have been subjected. In general, mountain-ridges have a 
long, ffentle declivity on one side, and a short and abrupt one on 
the other ; and where this occurs, the longer declivity is spoken of 
as the slope, and the shorter one as the counter-slope. This slope 
and counter-slope is analogous to what in Britain is known as 
" crag and tail" — most of our lulls presenting a bold precipitous 
front to the west or north-west, and a long slope or tail to the 
east or south-east — a configuration which has obviously been pro* 
duced by denuding currents, as the land gradually uprose from 
the waters of the pleistocene ocean. The depressions and narrow 
valleys which occasionally intersect mountain-chains are known 
as defiles and passes ; and these, offering, as they often do, the 
only means of transit across mountain-barriers, have ever been 
objects of political and commercial importance. Some of the 
most celebrated deeds in history are associated with these passes, 
and modern engineering is still in search of their easy gradients 
and facilities. 

48. With these explanations, the principal Mountain Ststems, 
whose direction and extent will be most conveniently seen by 
referring to the Atlas, may be here enumerated, the learner 
rememl^ring that there is much in this arrangement that is 
arbitrary, or, at all events, not established by actual observation. 
Thus, in Europe, geographers usually distinguish the British Sys-^ 
tern, comprising the Grampian, Cheviot, Cumbrian, Cambrian, and 
Hibernian ranges ; the Iberian or Spanish, embracing the Pyrenees, 
the Cantabrian Mountains, the Sierra Morena, Sierra Nevada, 
and other ranges of the Spanish peninsula ; the Alpine, including 
the Alps proper, Apennines, Carpathians, Balkan and Hellenio 
ranges ; the /Scandinavian, or mountain-chain of Norway and 
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Sweden ; the Sarmatian, or central hi^h ground of Russia ; the 
Uraliariy and Caucasian. In Asia we have the Western System^ 
comprising the Taurus, Anti-Taurus, Lebanon, and Elburz 
ranges ; the South-eastern System, embracing the Hindoo Kooeh, 
the Himalaya, and the mountains of Birmah, Siam, and Cochin- 
China ; the £astem System, comprising the Kuen-lun, the Pe- 
ling, Yim-liug, Eahan-shan, In-shan, and other Chinese ranges ; 
and the Norihr-eaMem System, extending from the Bolor Tagh 
in the centre of the continent to Behring Straits, and compre- 
hending the Thian-Shan, the Altai, Yablonoi, and StanoYoi 
ranges. In Africa, the Atlas System; the Guinea System, em- 
bracing the Kong and Cameroon mountains ; and, so far as is 
known, the Eastern System, comprehending such as the Quot- 
Iambi, Lupata, and other contiguous ranges. In North Ame- 
rica, the racific System, better known as the Rocky Mountains, 
in the west ; and the Atlantic or Appalachian System of the 
Alleghany Mountains on the east. In South America there is 
the great system of \Aie Andes on the west ; the Brazilian System 
on the east ; and the system of Parirti^, between the rivers 
Amazon and Orinocco on the north. Of Australia and its 
mountain-chains we know too little as yet to enable us to arrange 
them into groups or systems, though one main ridge, extending 
along the eastern coast from Torres Straits on the north to the 
extreme point of Van Diemen's Land on the south, would seem 
to indicate a sameness and continuity of geologic^ upheaval. 
Besides the above, other minor systems have been named, but 
enough is here indicated to lead the learner to the appreciation of 
the fact, that the principal mountain-chains may be arranged in 
groups or systems that have arisen apparently from the same set 
of geological causes acting more or less continuously along the 
line or direction of their elevation. 

49. As mountain systems exercise very decided influences on 
the natural history of the §lobe, and as they generally appear in 
ranges, consisting either of one central chain with branches or 
spurs running off at right angles, or of several chains running 
less or more parallel to each other, various theories have been 
advanced to account for their upheaval, their parallelism, and 
their geographical connections. Thus, as their central masses 
genendly consist of igneous rocks (see Atlas, Greological Map of 
Europe), which have been protruded from below, and as this pro- 
truding force must have acted along the line of least resistance 
in the crust, the question arises. What is the determining cause 
of these directions ? According to Elie de Beaumont, a French 
geologist, every system of mountains occupies a portion of a creat 
circle of the ^obe — a defb or fissure being more easily made in 
that direction than in any other ; and he endeavours to show 
that ranges of the same age are parallel to one another, even 
when in opposite hemispheres. Professor Hopkins of Cambridge, 
treating the subject from a purely mathematical point of view,. 
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has al^o shown that, when the npheaying force acts on a single 
point, the lines of upheaval mnst radiate from that point ; hence 
lofty central mountains with diverging spurs. He further shows 
that, when the expansive force acts uniformly over a wide area^ 
the Hnes of greatest tension or upheaval must be in the direction 
either of the length or of the breadth of that area, and that if the 
crust yields in more places than one, the fissures would neces- 
sarily be parallel. Of course, this uniformity of system has been 
considerably obscured, if not modified, by subsequent geological 
changes ; and it must also be remembered that, whatever may 
give the initial direction to a mountain-range, its subsequent 
growth is ever more a matter of accumulation than of upheaval. 



Mountain-ChainB and Systems. 

50. Accepting such generalisations as initiatory steps towards 
the explanation of one of the most important problems connected 
with the history of our planet, we may now briefly advert to the 
character of the mountain-chains or ranges of which the pre- 
ceding systems are respectively composed. Under the British 
System are embraced the northern or Boss-shire range, the 
Grampians, the Cheviots, the Cumbrian or Cumberland moun- 
tains, the Cambrian or Welsh, the Devonian, and the Hibernian 
or Irish— all having less or more a south-west and north-east 
strike, and all belonging to the earlier or primary geological 
periods. Their geologicid structure — huge granitic bosses flan ked 
and capped by the crystalline schists— conrers on them consider- 
able boldness and diversity of scenery, though their minor eleva- 
tion prevents that massive graudeur and ruggedness so often 
displayed by loftier ranges. None of them rise to the height of 
perpetual congelation, but in an insular and northern situation like 
Britain, their cold, heath-clad, and inhospitable summits exercise 
a decided influence alike on the scenery, climate, and productions 
of the country. — The Iberian or Hesperian System embraces the 
Pyrenees, Cantabrian Mountains, mountains of Toledo, Sierra 
Nevada, Sierra Morena, and other associated elevations that give 
character to the rocky table-land and peninsula of Spain. Less 
ancient than the British system, but loftier in their altitude, and 
more extensive in their ranges, they exercise a still more decided 
influence on the external conditions of their region. Banging 
chiefly in an east and west direction, and upheaving rocks of 
primary and secondaiy formation, rising in many parts above 
the line of perpetual snow (which ascends from 8000 feet in the 
Pyrenees to 11,000 feet in the S. Nevada), and being intersected 
by numerous deep defiles and narrow valleys, they create great 
diversity of scenery, climate, and production, and are of them- 
selves the frequent storehouses of the minerals and metals. 

51. Under the Alpine System are usually comprehended the 
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whole of those eztenBive and loftj mountains which fbnn Swit^ 
zerland as a centre, ramify in ranges more or less persistent, and 
confer on southern Europe its distinctive and peculiar character. 
These ranges have many minor and local subdivisions, but for our 
present purpose it will be enough to arrange them into Eastern 
and Western Alps proper ; the Gallo-Francian mountains, includ- 
ing the Jura, Yosges, &c. ; the Apennines, traversing the entire 
peninsula of Italy ; the Slavo-Hellenic, embracing the Herze- 
govina, Balkan, and Pindus chains, which lie between the Adria- 
tic and the plain of the Danube ; and the Hercynio - Carpa-. 
thian range, which rises in rugged lines between the valley of 
the Danube and the great central plain of Europe. The com- 
ponent members of this grand Alpine system are of various 
geological ages — ranging from the granites and crystalline schists 
of the Western Alps, through Uie secondary limestones and 
altered shales of the Jura, to the teHiary beds of the sub- Apen- 
nines and the recent lavas and scorisB of Vesuvius and Etna. 
Connected with the older range of the Pyrenees on the west, 
and with the still active cones of Vesuvius, Etna, and the Lipari 
Islands on the east, the Alpine system may be said to have been 
on the increase from the earliest geologic ages to the present mo-> 
ment — gaining accession after accession, and this even since the 
tertiary period, to much of the Auvergne, Apennine, and Hel- 
lenic ranges, and to the Alps proper, an additional altitude of not 
less, perhaps, than 4000 or 5000 feet. Being of different geologic 
cal structures and altitudes, the different members of the system 
present great diversity of character and aspect. Rising in many 
places above the snow-line, which sinks from 9000 feet in the 
Alps to 6000 feet in the Carpathians, they are rugged with peak 
ana precipice, glacier and narrow gorge, as in the Alps — swelling 
and sloping in outline, as the Apennines — crateriform and ter-i 
raced, as the hills of Auvergne — rocky and precipitous, as in the 
Pindus and Balkan ranges— or rich in mineral treasures, as the 
mountains of Transylvania. 

52. The Scandinavian System^ as the name implies, embraces 
the whole of the mountainous highland of Norway and Sweden, 
and extends, in a north-eastern direction, from the Naze to the 
North Cape — a distance of more than a thousand miles. It con- 
sists rather of a series of plateaux than of a continuous ridge ; 
these mountain-elevations narrowing from a breadth of 200 mUes 
in the south to 60 or 40 in the north, and being distinguished as 
the Hardaangar or Langefeld in the south, the Dovrefeld in the 
middle, and the Kiolen mountains in the north. Intersected by 
numerous ravines and gorges, the range presents a steep face and 
rugged coast-line of fiords and precipices to the North Sea on 
the west, and a terraciform slope to the shores of the Baltic on 
the east. A great portion of tne range rises above the limit of 
perpetual snow (wmch ascends from 2400 feet at the North Ca})e 
to 5000 feet in the Langefeld), but beneath that limit there is 
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much of crag and forest The whole consists of granitic, crystal- 
line, and Silurian rocks, rich in minerals and metallic ores. — The 
Sarmatian St/stem (from the ancient Sarmatia or Poland) is 
meant by geographers to embrace that swell of country which 
stretches diagonally through Bussia from the plain of Poland to 
the Uralian Mountains, and which forms the long watershed 
of Northern Europe — turning the waters of the Vistula, Duna, 
Dwina, and Petchora to the Baltic and White Seas, and those of 
the Volga, Don, and Dneiper to the Caspian and Black Seas. 
There are no true mountains throughout its extent — the Valdai 
Hills attaining an elevation of only 1100 feet ; but it forms a 
great watershed, and as such exercises considerable influence on 
the Physical Geography of Europe. — ^The Uralian System em- 
braces the well-known range of the Ural Mountains, which form 
the natural boundary between Europe and Asia, and the water- 
shed between the extensive basins of the Volga and Obi. De- 
parting from the usual strike of the Old World mountains, 
the Urals run in a true meridional direction for more than 
1600 miles, and consist of round-backed plateau-shaped masses 
of very moderate elevation, generally not exceeding 2000 feet, 
and culminating in a few points only at upwaras of 5000 
feet. The range consists of an axis of igneous rocks flanked by 
crTBtaUine strata and the older palaeozoic formations, and is ricL 
in the precious minerals and metals. — The Caticadan St/stem^ 
which forms another part of the boundary between Europe and 
Asia, extends in one immense chain of 750 miles from the Black 
Sea to the Caspian, and separates the basins of the Kuban and 
Terek on the north, from those of the Kur and Bion on the south. 
The range is a bold and lofty one, full of glens and mountain- 
fastnesses, and rises in many places above the snow-line, which 
there attains the altitude of 11,000 feet. The culminating point 
is Mount Elburz, near the centre of the chain ; its height being 
18,493 feet, or 2749 feet higher than Mont Blanc. 

53. Turning next to Asia, which is the great headquarters of 
mountains and mountain-chains in the Old World, we may begin 
with the Western System^ under which is comprised those numer- 
ous ranges that lie between the Levant and Black Sea on the 
west, and the Indus on the east, and give feature and character 
to the highlands of Asia Minor, Persia, and Affghanistan. 
Among these may be noticed the Taurus and Anti-Taurus, whose 
hilly and irregular ranges encircle the table-land of Turkey in 
Asia, and whose culminating point is Mount Argish, attaining 
an elevation of not less than 13,000 feet. The Lebanon range, 
proceeding transversely from the Taurus southward along the 
Syrian coast to Mount Hermon, 10,000 feet high, and thence 
through Palestine into the peninsula of Sinai, where Horeb, 
8593, and Sinai, 7497 feet, may be said to terminate the chain. 
The mountains of Armenia, intimately associated with the Taurus 
and Anti-Taurus, and but prolongations of the same ranges, trend- 

D 
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ing eastward into the Elburz, and soutLward into the Zagros 
and hills of Kurdistan — their culminating points being the snowy 
Ararat in Armenia, 17,210 feet, and the Sheikhiva, 10,120 feet, 
in Kurdistan. The Elburz range, a further prolongation of the 
Taurus and Armenian mountains, skirting the southern shores of 
the Caspian, where it attains, in the slumbering volcano of 
Demavend, an altitude of 14,675 feet, and thence stretches 
eastward into the Hindoo Koosh and mountains of Central Asia. 
The Hindoo Koosh or Hindu Koh, separating Afghanistan and 
the Punjaub from Independent Tartary, and forming the water- 
shed between the Amoo and the Indus. Its maximum elevation 
is about 20,000 feet, and, trending eastward in broad massive 
ridges into the Kuen-lun and Himalaya Mountains, it may be 
regarded as the commencement of the great central system of 
the Asiatic continent. 

54. Closely connected with, and following the Western, is the 
great Sovih-Eastem System of Asia, which comprises not only 
the highest mountains in that continent, but the highest known 
elevation on the surface of the globe. Pre-eminent in the sys- 
tem stands the chain of the Himalaya (^^ abode of snow "), stretch- 
ing in a somewhat south-easterly direction between the basin of 
the Ganges and the upper basin of the Brahmapootra, forming 
the northern boundary of India, and constituting the southern 
buttress of the great central table-land. The range extends 
about 1500 miles in length, varies from 100 to 3(K) miles in 
breadth, and rises in many points (upwards of forty, it is said) to 
an altitude of 23,000 feet ; the three highest peaks being Everest, 
Gahurishanka or Deodunga, 29,002 feet — ^Kinchinjunga, 28,156 
feet — and Dwhalagiri, 26,826 feet. The snow-line rises, accord- 
ing to position in the range, from 13,000 to 16,000 feet, and a 
large portion being thus perpetually covered with ice and snow, 
the Himalayas present every possible feature of mountain gran- 
deur — peak and precipice, gorge and glacier, rugged ravine and 
headlong waterfall. Abruptly separated from the Himalaya by 
the valley of the Brahmapootra, but still holding more or less in 
the same axial direction, are the mountains of Assam ; and be- 
yond these lie the well-defined ranges of Burmah, Siam, and 
Cochin-China — all trending in a southerly direction, separated 
by intervening river-valleys, and giving contour and character 
to the Cambodian and Malayan peninsulas. Little is known of 
these peninsular mountain-ranges, or of their elevations; but 
approaching the equator, we know that to great elevations 
they are covered with impenetrable forest-growth. Outlying 
the system, but still connected with the same area, are the moun- 
tains which give conformation to the triangular-shaped peninsula 
of Hindoostan. These are the Yindhya chain^ which form, as 
it were, the northern barrier of the Deccan — the Western 
Ghauts, that support it on the west — and the Eastern Ghauts, 
that guard it on the east — ^the two latter chains converging into 
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the loftier heights of the Nilgherri Hills on its southern border. 
The plateaux of the Deccan rise, stage by stage, from 1500 feet 
in the north to 4000 or 5000 feet in the south ; the Western 
Ghauts from 3000 to 5700 feet ; the Eastern from 3000 to 4000 
feet ; and the Nilgherriesin many points from 6000 to 7000 feet — 
attaining their ciUmination, 8760 leet, in the peak of Dodabetta. 

55. Starting from the same central knot of the Bolor, and ex- 
tending eastward to the Pacific, we have next what is termed the 
Eastern System of Asia, a series of vast and partially known 
ranges, associated with high desert table-lands in Thibet and 
upper Tartary, and alternating with alluvial river-plains in the 
eastern districts of China. The system commences with the 
chain of the Kuen-lun, rising between the valleys of the upper 
Indus and Brahmapootra on the south, and those of the Amoor 
and Yarkhand on the north, and extending in an easterly direc- 
tion for nearly 1200 miles, at an altitude of from 15,000 to 18,000 
feet. Lying, as it does, in the same line with the Elburz on the 
west, and prolonged into the Fe-ling on the east, the whole looks 
like one great range, and is, no doubt, geologically dependent on 
the same axial elevation. Holding eastward, as we have said, 
into the main ridge of the Pe-ling Mountains, that rise between 
the basins of the Yang-tse-kiang and Hoang-Ho, the system at the 
same time diverges, fan-like, into the Yun-ling chain, between 
Thibet and China ; the Nan-ling between the basins of the 
Yang-tse-kiang and Canton Eiver ; and the conjoint chains of the 
Kihan-Shan, In-shan, and Khingan, that trend in a north- 
easterly course, and form the southern wall of the great Mongo- 
lian Desert. 

56. Commencing in like manner with the central knot of the 
Bolor, and stretching away in broad, more or less parallel, lines 
to Kamtchatka and Behring Strait, occurs the JSortkem Sys- 
tem of Asia^ flanked by the arid deserts of Tartary and Mon- 
golia on the south, and descending by gradual stages to the great 
plain of Siberia in the north. The system embraces the Thian- 
shan or Celestial Mountains, ranging in an easterly direction for 
nearly 1400 miles, ascending in greater portion above the line of 
perpetual snow, and exhibiting throughout a number of volcanic 
cones, some of which, like Pe-snan and Ho-tscheou, are still active 
at elevations of more than 10,000 feet. In north-easterly asso- 
ciation we have next the Altai Mountains, comprising several 
parallel ridges, the Daurian Mountains, and the Yablonoi Moun- 
tains — all rising between Siberia and Mongolia, and separating 
the basin of the Amoor from those of the Yenesei and Lena. 
These closely associated ranges are said to have an average eleva- 
tion of from 5000 to 8000 feet ; embrace several active and many 
extinct volcanoes, rise high in numerous points above the snow- 
line, and culminate occasionally in peaks of 10,000 and 11,000 
feet high. Still northward and eastward, but ramifying more 
irregularly, occur the Aldan, Stannovoi, and other chains that 
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terminate in the volcanic system of Kamtschatka. These ranges 
are for the most part covered with snow (the snow-line sinking 
to 4500 and 4000 feet in Eastern Siberia), and contain numerous 
volcanic cones, which, like Schiwelutsch, 10,548 feet, and Klieut- 
schewsk, 16,131 feet, are still in active eruption. 

57. Of the African continent, to which we next turn, our know- 
ledge is yet too limited to enable us to do more than merely 
advert to some of the more prominent mountain regions as likely 
belonging to separate and independent systems. In the extreme 
north we have the Atlas System rising between the Mediterra- 
nean seaboard and the Sahara, and extending from Tripoli on 
the east to the Atlantic on the west. Geologically, it is evi- 
dently connected with the systems of Southern Europe, and con- 
sists of three or four parallel ranges, which ascend, stage by 
stage, from the basin of the Mediterranean, and increase in height 
from east to west — being about 2000 feet in Tripoli, 4500 in 
Tunis, 7700 in Algeria ; while in Morocco, Mount Miltsin (Atlas) 
ascends to 11,400 feet, and Jebel Tedla to 13,000 feet, or above 
the line of perpetual congelation. Several secondary spurs pro- 
ceed from the main ranges — one northward, and terminating in 
Cape Spartel, and several others southward into the desert pla- 
teaux of the Sahara.^ Next in importance is the Abyssinian 
System, connected with and forming the lofty table-land (Amhara) 
of Abyssinia and Upper Ethiopia. This plateau, which is 8000 
feet above the sea-level, is supported and traversed by several 
clustering ranges of great elevation, and in many points above 
the line of perpetual snow, which is there about 14,000 feet. The 
two most persistent chains, under the names of the Samen and 
Taranta, strike in a northerly direction between the upper forks 
of the Nile and the Bed Sea, and, skirting the shores of the 
latter, are prolonged into the lower hills of Egypt, which, at the 
Gulf of Suez, connect themselves with Sinai and the mountains 
of Syria. The culminating points in the Samen or upper range 
are Has Detschen, 15,986 feet ; Buahat, 15,000 ; Abba Jarret, 
14,707 ; and Shubattai and Beyeda, each 12,000 feet. In the Tar- 
anta or lower range the heights descend from 9000 to 6000 and 
5000 feet towards the Bed Sea and the plain of Egypt. — In Western 
Africa the mountains are by no means well known ; but under the 
Guinea System are usually embraced the Kong and Cameroon 
ranges — the former rising between the Gulf of Guinea and 
the Niger, and generally averaging from 1200 to 3000 feet (Sor- 
acte, 1278, and Mount Kennel, 3200 feet), and the lartter stretching 
eastward and unknown into the centre of the continent, and rising 
in many points to elevations of 4000, 6000, 9000, and even 13,000 
feet. — In Southern Africa the surface exhibits a series of sandstone 
plateaux, resting on and intersected by granitic rocks, rather than 
a series of well-defined mountain-chains — these flats (karoos) ris- 
ing step by step from south to north at elevations of 2000, 4000, 
and 6000 feet above the sea-level. The steps of this ascent consist 



MOUNTAIN-CHAINS AND SYSTEMS. 61 

of rocky walls and flat-topped mountains, intersected by narrow 
gorges {kloofs) which form the only means of passage from terrace 
to terrace, and these moimtains {bergs) may, for the sake of refer- 
ence, be denominated the Cape Systevi, The system consists, 
1st, of the Zwellendam range, about 20 miles inland, stretching 
for nearly 200 miles in length, and attaining in Table Mountain 
an elevation of 3816 feet ; 2d, the Zwarte or Black range, about 
30 miles further northward, and separated from the Zwellendams 
by the Kannaland Karoo ; and, 3d, the northern chain, consisting 
of the Roggeveld, Nieuwveld, Winter Mountains, Sneeuwveld, 
Witte-bergen, and other contiguous ranges, separated from the 
Zwarte range by the Great Karoo, and attaining heights of 4000, 
6000, and even 10,000, as in the Compass Berg in the Sneeuwveld 
or snowy range. — From this point begins what may be termed 
the Eastern ISystemy consisting of the Drakenberg or Quotlamba 
Mountains (10,000 feet), the Lupata Mountains (8000 or 10,000 
feet), and other ranges, which hold northward in parallel lines and 
increasing altitudes towards the equator, where several of the 
higher peaks (Kenia and Kilmandjaro, 17,000 and 20,000 feet) are 
said to be covered with perpetual snow. 

58. Of Australia and its mountain-chains, it has been already 
stated (par. 48) that we know too little to enable us to arrange 
them into groups and systems, though one jn&in ridge, extending 
along the eastern coast from Torres Strait on the north to the 
extreme point of Tasmania in the south, would seem to indicate 
a sameness and continuity of geolo^cal upheaval. This chain 
consists chiefly of granites and porphyries, intersected and over- 
laid in many places by recent volcanic products; is extremely 
rugged and inaccessible on the coast side, but slopes gradually 
towards the interior ; and seldom exceeds 5000 feet in elevation, 
— Mount Kosciusko, 6500 feet, and Sea- View, 6000 feet, in Aus- 
tralia — and Mount Humboldt, 5502 feet, and Benlomond, 5010 
feet, in Tasmania — being the highest known points of eleva- 
tion. Of the mountains that occur in the islands of the Pacific and 
the Indian Archipelago it may be remarked that they are chiefly 
active volcanoes, and though often occundng in obvious linear con- 
nections, and of great altitudes (6000, 10,000, and 14,000 feet), 
they are merely to bd regarded as chains in embryo, and the 
rudiments of systems yet to be elaborated. 

59. Having reviewed the mountain systems of the Old World, 
we now turn to those of the New, where the arrangements^ are 
altogether on a simpler and more uniform plan. In North Ame- 
rica we have first the Eastern or Atlantic System, so called from 
its general proximity and parallelism to the Atlantic seaboard. 
It separates the waters that flow eastward into the Atlantic from 
those that flow westward into the basins of the Mississippi and 
St Lawrence ; and though trending in one continuous direction 
from the Gulf States to the St Lawrence, may be said to consist 
of two main divisions — the Alleghanies or Appalachians on 
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the Bouth, and the Qreen and White Mountains on the north, 
separated from each other by the narrow ci*08s-yalle7 of the 
Hudson. In length the system is nearly 2000 miles, has an 
average breadth of 100 or 130 miles ; and though its mean altitude 
is only about 2500 feet, it yet ascends, in Mount Washington in 
New Hampshire, to 6652 feet — in Black Mount,between Tennessee 
and Carolma, to 6420 feet — and in Mount Katahdin in Maine, to 
5360 feet. In the northern section of the system the ridges of 
the Notre Dame, the Green, White, and Adironbeck Mountains 
are more or less irregular and interrupted ; but in the southern, 
the Alleghanies consist of several closely parallel chains of great 
continuity, though frequently cut across by ravines and river- 
courses. Geologically, the system consists chiefly of the older or 
palaeozoic rocks, flanked on both sides by an extensive develop- 
ment of carboniferous strata ; and its eastern slopes comprise 
some of the finest and most diversified country in the American 
Union. 

60. Interiorly, and beyond these eastern ranges, the country 
is one immense plain till we come to the Western or Fddjlc 
System, which, under the familiar name of the Bocky Mountains, 
stretches in unbroken ranges from the Isthmus of Panama to the 
shores of the Arctic Ocean. This extensive system, which, after 
all, is but the northern prolongation of the ffreat backbone of the 
New World, consists of two main ridges — the Pacific or Oceanic, 
skirting the western seaboard from Cape Lucas in California to 
Cape Elizabeth in Eussian America, and the Rocky Mountains 
proper, extending in double, and sometimes in treble, chains from 
Panama to the .^j^^tic shores. The former of these ranges forms 
the watershed between the Pacific on the west and the Colorada, 
Columbia, and Colville on the east. Though continuous as one 
great range, it consists of several members, such as the Sierra de 
§. Lucia and Sierra Nevada in Califomia, whose highest points 
are Mount St John, 8000 feet, and Mount Tsashti, 1^000 feet ; 
the Cascade range in Oregon territory, culminating in Mounts 
Hood and Jefferson, 15,000 feet, and Mount St Helens, 15,750 
feet ; and the Sea Alps in the north, haviug their highest points 
in Mount Fairweather, 14,783 feet, and Mount St Elias, 14,970 
feet. Geologically, the range is of comparatively recent origin, 
contains many extinct and dormant volcanoes, and evidently 
connects itself with the still active series of the Aliaski peninsula 
an4 the Aleutian Islands. The latter or Bocky Mountain range 
forms, on the other hand, the long watershed between the ter- 
tiary valleys of the Colville, Frazer, Columbia, and Colorado on 
the west, and the great Lake region and the plains of the Missis- 
sippi on the east. It consists, m like manner, of several mem- 
bers, which, though obeying the same axial direction, yet separate 
and converge so as to constitute a series of plateaux of varying 
maniitude and elevation . At the southern extremity of the range 
we have, first, the volcanic chain of Guatamala, rising in the craters 
of Atitlan and Agua to 12,500 and 15,000 feet ; second, the cluster- 
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ing or transverse mountains of Anahuac or Southern Mexico, 
ascending in Orizaba and Popocatepetl to 17,347 and 17,720 feet ; 
third, the Cordillera of Cohahuela and Potosi, and the Sierra Verde 
and Madre, which support the lofty table-land of New Mexico, and 
ascend in Pike's Peak and Long^s Peak to 10,000 and 12,000 feet ; 
fourth, the Wind River Mountains, between Nebraska and Oregon, 
attaining in Fremont's Peak an elevation of 13,668 feet ; and, 
lastly, the northern and parallel ranges of the Bocky Mountains 
proper, which rise in Mount Hooker to 15,700 feet, and in Mount 
Brown to 15,970 feet. Geologically, the whole of this vast range 
is of ancient formation, with the exception of the volcanic moun- 
tains of Quatamala and Mexico, and these are evidently portions 
of the Mtill active development of Central America and the West 
India Islands. 

61. In South America the pre-eminent system is that of the 
Andes, which extends along the Pacific seaboard from Terra del 
Fuego on the south to the Isthmus of Panama on the north, 
there connecting itself with the onward prolongation of the 
Bocky Mountains. As a mountain-range, the Andes forms one 
of the most definite and persistent on the globe — skirting in un- 
broken ridges the entire Pacific shore for nearly 4500 miles in 
length, and varying in breadth from 40 to 350 miles. In some 
places the range consists of a single ridge— in other places, of two 
or more ridges supporting lofty but narrow plateaux ; and in 
general it presents a steep slope towards the Pacific, from which 
it is distant from 20 to 80 miles ; while towards the east it de- 
scends by gradual stages into the broad plains of the Orinocco, 
Amazon, and La Plata. According to Humboldt, the mean ele- 
vation of the Andes is 11,830 feet, and the extent of surface 
covered by their bases not less than 531,000 geographical square 
miles. Geologically, the system is composed of granites, green- 
stones, and porphyries, flanked by metamorphic schists and palaeo- 
zoic strata, but exhibits throughout a greater number of active 
craters than any other mountain-chain, and, as a consequence, is 
largely crowned and covered, especially on its western slopes, by 
vast accumulations of lava, scoriaa, and other volcanic products. 
Though presenting one continuous axis, the range consists of 
several members, known by the countries in which they occur — 
as the Patagonian, the Chilian, the Bolivian, the Peruvian, and 
the Columbian Andes. The Patagonian section consists of a 
single range of moderate elevation, but ascending in several 
points (Mount Darwin, Mount Stokes, the volcanoes of Yanteles 
and Minchinmadiva) to 6400 and 8000 feet. As the snow-line 
descends in Southern Patagonia to 3000 feet, much of the range 
is perpetually frozen, and glaciers, unknown in other parts of the 
Andes, make their appearance in the higher glens and gorges. 
The Chilian Andes extend, in like manner, in one immense 
ridge ; and though their mean elevation is inferior to those of 
Bolivia, they yet contain the giant Aconcagua — the culminating 
cone of the system, and the highest known point in the New 
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World continent. The snow-line in this portion of the system 
rises from 8000 to 10,000 feet ; and high above it in perpetoal 
winter rise the lofty peaks of Aconcagua, 23,910 feet ; Tapnn- 
gata, 15,000 feet ; and the volcanoes of Chilian and YilUijica^ 
16,000 feet. Next in northward order occur the Andes of Boli- 
via, rising in two parallel ranges — the Cordillera of the Coast 
and the Cordillera Heal — and supporting between them the 
table- land of Desagnedero, 13,000 feet above the sea, 500 miles 
in length, from 30 to 40 miles wide, and enclosing Lake Titacaca 
at an elevation of 12,846 feet. In this, the central portion of the 
system, the snow-line ascends from 15,000 to 18,000 feet ; and 
high above it, in the western range, rise Sahama, 22,950 feet — 
Chiquibamba, 21,000 — and the volcanoes of Gualati^ and 
Arequipa, 20,000 and 22,000 feet ; and in the eastern range, 
Sorate 21,286, Illimani 21,140, and Cochabamba 17,000 feet. 
Northwards from the Bolivian plateau, the Andes open up in 
three parallel ridges, known as the eastern, central, and western 
Cordilleras of Peru — ^the western being the highest, and sepa- 
rated from the Pacific by a sandy desert 120 miles in breadth. 
In these Cordilleras the highest points are Sasaguanca, in lima, 
17,904 feet, Vilcanota 17,525, and the Kjiot of Pasco 11,800 
feet. Leaving the Cordilleras of Peru, we next meet, in north- 
ward order, the Colombian Andes, or the Andes of Quito — a 
lofty volcanic portion of the system, which rises in double or 
treble ridges, one main portion extending in the direction of 
Panama, and another bending north-eastward to the Caribbean 
Sea. In this region, much of which lies directly under the 
equator, the snow-line rises to 15,000 or 16,000 feet ; and hence 
all the higher peaks and volcanoes — Chimborazo 21,424, Coto- 
paxi 18,875, Antisana 19,132, Coyambe 19,535, and Tolima 
18,120 feet — are covered with perpetual snow. Such are the 
various portions that constitute the giant system of the Andes — 
a system which, whether in its extent and linear continuity, its 
boldness and altitude, its high inhabited table-lands, its mineral 
riches, or its physical influences, is, even more than the Hima- 
layas, the most remarkable on the globe. 

62. The system next in importance in South America is that 
of Brazil^ occupying the eastern portion of the continent, extend- 
ing in several parallel ranges from the plains of the Plata on 
the south to those of the Amazon on the north, and spreading 
inland for nearly 1800 miles in a broad plateau, whose mean 
elevation is about 3200 feet. These ranges or ridges of table- 
land are separated from each other by the affluents of the Ama- 
zon and the St Francisco on the one hand, and by those of the 
Paraguay and Parana on the other, and succeed each other, 
ridge and plain, with wonderful continuity. Proceeding from 
the Atlantic westward, we have first the Sierra Espinha<?o, whose 
culminating heights are Itarube 5960, Piedade 5830, and Ita- 
columi 5750 feet, and the Sierra do Mar or Sea-range, which 
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attains in Morro doe Candos an elevation of 4476 feet ; second, 
the Sierra Tabatinga^ forking northward into the S. Irmaos 
and S. Mansabeiros ; third, the Cordillera Grande, whose chief 
heights are From 6000 to 7000 feet ; and lastly, the Sierra de los 
Vertentes and other inferior ridges, that gradually descend into 
the great central plain of the continent. Greologically, the Bra- 
zilian system is eminently primary, consisting of giunitic pro- 
trusions and crystalline schists rich in the precious minerals and 
metals ; abounding, from the character of its rocks, in picturesque 
beauty ; and from its tropical situation and minor elevation, 
clothed to the summits with an exuberant and varied vegetation. 
The last and only other mountain system of South America is 
that of Farime, which occupies the oval tract of country lying 
between the Amazon and Orinocco, and forms the high ground 
from which descend many of the minor affluents of these gigantic 
rivers. This plateau, whose mean elevation is from 1600 to 2000 
feet, is traversed in an east and west direction by several closely- 
set ridges (Sierra Acarai, Parim^, Pacaraima, Imataca, &c.) which, 
though of no great general elevation, yet ascend in Duida to 7149 
feet, m Poraima to 7450, and in Maravaca to 10,500 feet. Like 
the mountains of Brazil, the system of Parim^ consists of granitic 
bosses, crested and flanked by crystalline schists, and has not in- 
aptly been described as a primary island rising from the vast 
tertiary and recent expanses of the Orinocco and Amazon. 
Lying almost directly under the equator, the higher sierras are 
clothed with impenetrable forest-growth; while the lower grounds, 
according to the seasons, are alternately arid wastes, or covered 
with a carpeting of the most luxuriant grasses. 

63. Such are the principal mountains of the world as aiTanged 
by geographers into groups and systems. The arrangement may 
not in every case be a natural one — that b, the mountains com- 
posing some so-called " system " may not strictly belong to the 
same set of geological causations — but the arrangement, such as 
it is, greatly facilitates reference, and aids our comprehension of 
the effects produced by any mountain-group on the climate and 
vital economy of the region in which it is situated. The arrange- 
ment has also its topographical advantages, for little can be done 
in the way of correct description till the objects to be described 
have been arranged and classified according to some principle of 
similarity or sameness of origin. But whatever may be the ulti- 
mate grouping, we see in mountain chains and systems one of 
tiie most important featujes in the physical machinery of the 
globe. Eising and falling— here in easy undulations, there in 
steep peaks and ridges — ^here in abrupt crags, and there in gentle 
slopes — ^they produce a diversity of surface eminently fitted for 
diversity of vegetable and animal life. Presenting their high 
ridges to the moisture-laden currents of the atmosphere, they 
serve as so many points of condensation, producing clouds, mists, 
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and showers, that temper the heat in the lower regions, and re- 
fresh and nourish their vegetation. Elevated into regions of per- 
petual snow, in hot climates they cool the breezes that descend 
from their heights, while their snows and glaciers become peren- 
nial storehouses, which, under the summer sun, yield a copious 
supply to the streams and rivers of the thirsty lowlands. From 
their geological structure and formation, they are necessarily the 
chief repositories of the precious minerals and metals ; and even 
such deposits as occur in the sands and gravels of their streams 
have been worn and washed from their disintegrated veins. Their 
healthy, life-bracing heights have ever been the notable nursery- 
grounds of active, courageous, and independent races ; while 
their snow-clad ridges become boundaries and barriers to na- 
tionalism, as well as to the dispersion of plants and animals, more 
impassable even than the breadths and depths of the ocean. 



Table-lands or Plateaux. 

64. Next in importance, in the vertical relief of the land, are 
those elevated expanses known as table-lands and plateava. ' A 
table-land, as the name suggests, is a flat elevated sur&ce ; but this 
idea of flatness must be received only in a comparative sense, for 
the surfiEtce, though plain-like on the whole, is usually diversified 
by minor undulations and irregularities. Being in effect broad 
mountain-masses, these plateaux form the gathering-grounds and 
sources of some of the noblest rivers, while their elevation confers 
on them a climate and a vegetable and animal life distinct from that 
of the surrounding lowlands. They are inseparably associated with 
the mountain systems, most of these systems not rising in nar- 
row ridges from low-lying plains, but towering above broad ele- 
vated regions, which seem to be formed and supported by their 
bases. Thus, on turning to the map of Asia, it will be seen that 
all the great rivers flow north, south, east, and west from the 
central region, which consists in reality of a succession of lofty 
terraces or plateaux. First, we have the table-land of Iran or 
Persia (including large tracts of Beloochistan, Affghauistan, and 
Bokhara) rising from 2300 to 3500 feet above the sea-level, up- 
wards of 300,000 square miles in area, and presenting through- 
out a riverless, parched, and desolate region ; next in altitude, 
the great sandy and rainless desert of Gobi, rising from 4000 to 
6000 feet, and occupying an area of nearly 400,000 square miles ; 
then rising on either side of this,, towards the centre, the 
plateaux of Dzungaria and Upper Tartary, less arid and more 
varied in surface ; and lastly, tne still loftier plateau of Thibet — 
the highest inhabited region in the world, with an elevation of 
from 11,000 to 15,000 feet, and an area of 166,000 square miles. 
Besides these great central uplands, there are the lateral and 
more isolated plateaux of the Deccan, rising from 1600 to 2000 
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feet in Hyderabad, to 4000 feet and upwards in Mysore ; of 
Arabia the sandy and arid, vaiying from 3000 to 6000 feet high, 
aud spreading over an area of more than 700,000 square miles ; 
of Armenia (7000 feet), supported by the Taurus and Anti-Taurus, 
and extending from the Dardanelles to the Caspian ; and, lastly, 
that of Ust Urt between the Caspian and Aral Seas. With the 
exception of the Deccan, and the mountain-platforms of Armenia 
and Thibet, the whole of these table-lands, from Arabia on the 
west to Gobi or Shamo on the east, belong to one great belt of 
arid and rainless country, sandy and shingly in soil, desert in 
character, and evidently belonging to the same geological age and 
formation. 

65. In Europe, less elevated and more broken up by seas, we 
have a smaller development of table-lands, and these generally 
of limited area, and in the southern division of the continent. 
The most notable is that of Castile in Spain, having an elevation 
of from 2000 to 2300 feet, and traversed by hilly ridges that give 
great irregularity aud diversity to its surface. There is next the 
less defined upland of Switzerland, from 3000 to 4000 feet in 
elevation ; and trending north-eastward, in the same direction, 
the lower plateaux of Bavaria and Bohemia, the latter having an 
elevation only of 900 or 950 feet above the sea. The so-c^led 
plateaux of Auvergne and of the Scandinavian and Balkan chains, 
may be regarded as mere mountain-flats too limited in extent to 
possess any physical feature, or to exercise any influence distinct 
from those of their associated ranges. — Of Africa we have too 
scanty information to speak with certainty as to the plateaux and 
mountains that may rise within its interior ; but we know that 
much of the Sahara or Great Desert is of a flat elevated nature 
(from 1500 to 2000 and 4000 feet), and that inland from the coasts 
of Congo and L^ango the country assumes the character of a lofty 
table-land. There is also the plateau of Abyssinia (Amhara), 
8000 feet above the sea-level, supported and traversed by several 
clustering mountain-ridges, which form the gathering-grounds of 
the Atbai'aand Blue Nile ; and, lastly, the karoos or terrace-plains 
of Southern Africa, rising stage by stage towards the interior to 
an elevation of 2000 feet— carpeted with grass during the rainy 
season, and parched and barren for the rest of the year. 

66. In the New World the ffreat superficial conti*ast is less be- 
tween mountain and table-lana or plain and elevated upland, than 
between the gigantic mountain barrier that walls the Pacific from 
one extremity of the continent to the other, and the low broad 
plains that stretch eastward from its base towards the Atlantic. 
Nevertheless, in South America, the chain of the Andes presents 
several table-flats of vast elevation — the most remarkable being 
that of Bolivia, a great table-land 120,000 square miles in extent, 
risinff from 11,(XX) to 12,500 feet above the sea, and early the seat 
of a busy and wealthy civilisation. Much also of the interior of 
Brazil partakes of the table-land character, having a mean eleva- 
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tion of 3000 feet, and traversed by the sierras (par. 62) that give 
feature to that fertile and tropical country. — In North America, 
from the Bussian territory on the north to Mexico on the south, 
there occur a series of elevated uplands, upborne, as it were, by 
the parallel ranges of the Rocky Mountains. One of the most 
remarkable of these plateaux is that comprising the highlands of 
Oregon and the salme desert or inland basin of Utah, whose 
elevation is from 4000 to 5000 feet, and the waters of which, 
naving no outlet, form a series of salt lakes, one of which (Utah) 
is of considerable extent, and almost saturated with salt. The 
most decided of the American table-lands, however, is that of 
Mexico, not more remarkable for its elevation than for its per- 
sistent extent. " On the eastern and western coasts." says M. 
Balbi, " are low countries, from which, on journeying into the 
interior, you immediately begin to ascend, climbing, to all appear- 
ance, a succession of lofty mountains. But the vmole country is 
thus in fact raised into the air from 4000 to 6000 and 8000 feet. 




Mexican Table-Land. 



The conformation of the country has most important moral and 
physical results ; for, while it gives to the table-land, on which 
the population is chiefly concentrated, a mild, temperate, and 
healthy climate, unknown in the burning and deadly tracts of 
low country into which a day's journey may carry the traveller, 
it also shuts out the former from an easy communication with 
the sea, and thus deprives it of a ready access to a market for its 
agricultural productions." As with the Mexican table-land so 
in fact with all others of any decided elevation. A distant island 
in the ocean is not more separated from its contiguous continent, 
or more strongly marked by its own physical peculiarities, than 
a high mountain-walled tract raised several thousand feet into 
the atmosphere is characterised by a climate and vegetable and 
animal productions unknown in the regions that surround it. 



RECAPITULATION. 

In the preceding chapter attention has been directed to the 
more elevated portions of the Land, as consisting of mountains 
and table-lands. These mountains have been arranged by geo- 
graphers into chains and ranges ; and these ranges, again, into 
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groups and systems that occupy the same contigaous area, and 
apparently belong to the same series of geological operations. 
The continuity of mountain-chains has been observed from the 
earliest times, and hence the antiquity of the names by which 
many of them are distinguished ; but their classification into 
groups and systems is of recent date, and liable to correction and 
amendment as clearer and more correct views are obtained re- 
specting the forces on which their formation and elevation depend. 
In the mean time, and for the sake of reference, the mountains 
of Europe have been arranged into the British, Iberian, Alpine, 
Scandinavian, Uralian, and Caucasian systems ; those of Asia 
into the Western, South-Eastem, Eastern, and North-Eastern ; 
and those of Africa into the Atlas, Abyssinian, Guinea, Cape, and 
Eastern systems. In the New World the mountains of North 
America are usually arranged into the Eastern or Atlantic 
system, and the Western or Pacific ; while those of South Ame- 
rica are distinguished as the systems of the Andes, of Farimd, and 
of Brazil. As to the table-huids, the more important and better 
known in the Old World are those of Castile, Switzerland, Ba- 
varia, and Bohemia in Europe ; and of Armenia, Arabia, Persia, 
Tartary, Mongolia, Thibet, and the Deccan in Asia. In the 
New World, those of Bolivia and Brazil are the most notable in 
South America ; while in North America the only similar tracts 
deserving of notice are the table-land of Mexico and the desert 
uplands of Utah and Oregon. In whatever form the highlands 
of the globe appear, whether as linear mountain-chains or as 
broad-spreading plateaux, they exercise most important influences 
on climate, and consequently on the distribution of plants and 
animals. In the torrid zone they afford the climate and produce 
of temperate regions, and in temperate zones they assume the 
characteristics of polar latitudes ; while everywhere they are the 
great gathering-grounds of glacier, stream, and river — dispensing 
their stores to the thirsty lowlands in moderated but nevei'^fail- 
ing supplies. 
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THE LAND — ITS LOWLANDS. 



Plains and Deserts. 

67. As the higher and more irregular portions of the earth's 
surface consist of mountains and table-lands, so the lower and 
more level consist of plains and valleys. The one set of features 
counterbalances as it were the other, and thus contributes to that 
variety of aspect so pleasing in the landscape, and so indispen- 
sable to diversity in its vegetable and animal productions. Though 
the term plain is usually applied to level expanses of no great 
elevation, and is apt to be associated with ideas of veixlure and 
fertility ; yet several of the great plains of the world are con- 
siderably above the sea-level, and present every variety of sur- 
face^ from green grassy flats to deserts of shingle and loose shift- 
ing sand. As mountains were the results of volcanic upheaval, 
continued through indefinite ages, so plains and valleys are the 
undisturbed portions of the earth's crust, and, in most instances, 
represent the beds of former seas, and the silted-up sites of lakes 
and estuaries. Not only does their general contour convey this 
impression, but their soil and subsoil usually reveal their origin, 
and point to a time when large expanses of ocean occupied the 
areas of the present plains, and shallow estuaries and chains of 
lakes the sites of our alluvial valleys. Bearing in mind this 
origin, it will help to explain certain appearances of soil and sur- 
face, and enable us to account for certain distributions of plants 
and animals that might otherwise remain inexplicable. 

68. In treating of the low level tracts of the Land, the terms 
plain and valley are sufficiently general and well understood, and 
are. therefore, the most frequently employed in geographical de- 
scnption. There are others, however, which refer either to some 
peculiarity of surface and condition, or are of local origin, and 
these it may be useful at this stage to explain. Thus, the term 
prairie, though simply the French word for "meadow," is usually 
applied in a technical sense to the open, slishtly undulating, 
grassy plains of North America ; llanos are ^e river-plains of 
tropical South America, alternately covered with rank vegetar 
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tion, and reduced to a desert bj periodical drouglite ; »elva» (Lat. 
eilva, a wood) tlie higlier traote of the same region densely covered 
■with forest-growth; and pampas, the treelesa but grassy plains 
of the Faranft and L& Plata. The term tteppn is applied to the 
plains of Northern Asia, generally covered with long rough grass, 
but also partially wooded, and not unfrequently shingly and de- 
sert ; tundras, to the boggy flats of Siberia and Northern Eustua ; 
and tarai, to the belt of unwholesome jungle that lies between 
theplaiaof HindooBtanand the Himalayas. 5a/K»i-a is the long- 
established and famihar name for the great arid and sandy desert 
of Northern Africa ; while karoo is applied to the open flats in 
the southern region of the same continent, which are hard and 
arid in the dry season, but carpeted with grasses and flowers 
during the periodical rains. In Britain, the terms dale and iiale 
are usually applied to minor river-plains ; strath, in Scotland, to 
any wide stretch of generally flat-lying land ; and carse, to those 
level allavial flata that occur in connection with existing estuaries, 
and which have evidently been reclaimed from their waters either 
by the ordinary process of silting, or by partial upheaval of the 
liod. The term delta 

is also largely applied = 

to the alluvial land 
formed at the month 
or rather jtwtHAi of a 
river, such as that of 
the Nile, which firatre- 
ceived this name from 
the resemblance that 
the triangular space 
enclosed by its two 
main mouths bears to 
the G^ek letter A or 
delta. Other terms 
than the above are 
Btill more local and re- 
stricted in their application, and w 
text as they happen to occur. 

69. The principal plain in theOld World is that usually known 
to geographers as the Great Northern Plain. It may be roughly 
sketched as commencing with the shores of Holland on the west, 
and extending eastwards through FrusBia, Poland, ^Russia, and 
Stberia, vrithout any very marked interruption save the inter- 
secting range of the Ur^ian Mountains. In width it stretches 
from the shores of the Arctic Ocean almost to the base of the 
Oarpathians in Europe, and to the table-land of Per^a and the 
flanks of the Altai Mountains in Asia — thus occupying between 
4,000,000 and 5,000,000 square miles, or nearly one-third of the 
entire area of these continents. While it slowly rises from the 
Arctic shores towards the interior, as may be seen by the courses 




II be better explained in the 
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of all the great northern rivers, it may be traTereed from east to 
west (if we except the Uralian range) without changing the level 
more than three or foor hondred feet. In Europe, this vast ex- 
panse is nsualij subdivided into the Germanic j>lain on the west, 
and the Sarmatian plain on the east; while in Asia it com- 
prises the Steppes of KirghiSj Ishim, and Baraha^ on the west, 
and the Siberian plain on the north and east. Each of these 
subdivisions is necessarily characterised by its own peculiarities 
of soil, situation, and climate. Thus the Grermanic section in- 
cludes the low-lying polders and morasses of Holland, and the 
sandy boulder-strewn plains of northern Germany and Prussia — 
partly imder cultivation, and partly occupied by heath and open 
pasture. The Sarmatian section, on the other hand, consists of • 
cold, swampy, and partially- wooded flats in the north ; of mode- 
rately temperate, fertile, richly-wooded, and undulating tracts in 
the middle ; and of indififerent grassy steppes and saline deserts 
in the south. The steppes of Kirghis, Ishim, and Baraba pre- 
sent, as the name implies, wide monotonous tracts covered with 
rough grass and shrubs during a brief season, but soon converted 
into arid deserts by the drought of summer, and into bleak, 
shelterless wastes by the storms of winter. The Siberian plain, 
as might be expected from its extent, is of a more varied charac- 
ter—consisting of low-lying tundras or earthy peat-mosses, of 
broad, undulating steppes, and partially-wooded uplands. In 
summer the tundras are thawed to a small depth, the steppes are 
scantily covered with grass and mosses, and the banks of the 
great rivers and uplands are green with the birch and pine ; but 
during the loug winter frost and snow reign supreme, and the 
whole plain is one dreary and inhospitable wilderness. 

70. The secondary plains of the Old World, though of minor 
extent, are not without their decided influences on the physical 
and vital phenomena of their respective continents. Among 
those in Europe may be noticed the plain of France, comprising 
the conjoined low grounds of the Seine, Loire, and Garonne ; the 
basin-shaped plain of Hungary, watered by the Theiss and Dan- 
ube, and sometimes spoken of as the " European Pampas ; '' the 
plain ofWallachia on the lower Danube ; the steppe of Astra- 
khan, lying along the Caspian and Volga ; and the still more 
restricted plains of Ireland, Denmark, Andalusia, and Lombardy. 
Among the secondary plains in Asia may be noticed those of 
China, Hindoostan, Turan, and the Euphrates. The great river- 
plain of China, said to occupy nearly 200,000 square miles, is 
alluvial throughout, and still on the increase by the silting up of 
the Yellow Sea, is crossed in every direction and irrigated by 
canals, and is the fertile seat of one of the oldest, most industri- 
ous, and most numerous populations on the face of the globe. The 
plain of Hindoostan, stretching from the base of the Himalaya 
to the 'Deocan, and from the Cidus to the Ganges, is also low- 
lying and alluvial, abundantly fertile under irrigation, and only 
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light and sandy in the district of " the Thur/' on the lower Indus. 
The plain or steppe of Turan extends along the southern shores 
of Lake Aral westward to the Caspian, and is fertilised by the 
waters of the Syr and Amoo ; while the historic plam of Meso- 
potamia (Gr. mesos and potamoSy between or in the middle of the, 
rivers) stretches between the Euphrates and the Tigris south- 
wards to the Persian Gulf. 

71. In Africa, with the exception of the Sahara or Great De- 
sert, which may be described as a vast expanse of arid sands and 
shingle, with an occasional oasis of life and verdure, we know of 
no continuous plains like those of Europe and Asia, though seve- 
ral minor flats and deltas give diversity to its generally unbroken 
and monotonous seaboard. The surface of the Sahara is not, 
however, as at one time supposed, a uniform plain of burning 
and drifting sands, but presents considerable diversity both in 
composition and altitude. Some portions are low and flat ; others 
sink, it is said, even below the sea-level ; while many rise in bare, 
broad plateaux 1000, 2000, and 3000 feet above the surrounding 
surface. Immense tracts are shingly and saline ; others consist 
of loose drifting sand ; occasional patches are rocky, and scantily 
covered with thorny scrub ; while, at distant intervals over the 
arid waste, some spring or surface retention of water gives birth 
to an oasis or islet of vegetation. This great desert, stretching 
from Marocco on the west to the valley of the Nile on the east, 
is prolonged, as it were, eastward and northward through Arabia, 
Persia, and Tartary, to Mongolia, where it terminates in the 
equally arid and sandy desert of Shamo — the whole tract from 
the SsJiara to Shamo pointing at once to similarity of conditions 
and sameness of geological origin. The minor low -grounds 
of Africa, sufficiently known to geographers, are those on the 
lower courses of the Senegal and Gambia — Senegambia ; the 
swampy and jungly delta of the Niger ; and the fertile, periodically 
inundated delta and valley of the Nile. Bespecting Australia 
— the only other region in the Old World sufficiently extensive 
to admit of plain-lands — we are yet too scantily informed to offer 
any definite opinion as to the nature of the interior, though recent 
discovery would seem to indicate that, instead of a vast scrubby 
and waterless plain, there is much practicable country — grassy 
flats, gum forests, and river-creeks, marking, at intervals, the 
routes of the adventurous explorers. 

72. Turning next to the New World, we find the plains on a 
much more conspicuous and decided scale — stretching more con- 
tinuously, and rising less above the level of the ocean. In North 
America, the Ghreab Central Plain^ lying between the Eocky 
Mountains on the west and the AUeghanies on the east, extends, 
it may be said, from the Arctic Ocean to the Gulf of Mexico, a 
distance of nearly 3000 miles. Throughout this long course it is 
only once interrupted by the gently swelling prairie-grounds 
(1500 or 1600 feet in height) that turn the courses of the Bed and 

B 
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other rivers to the north, and those of the Missouri and Missis- 
sippi to the south. Varying, in wide expanses, from 100 to 600 
ana 800 feet in elevation, it presents considerable diversity of 
Buiface — swampy marsh, grassy prairie, forest-land, and barren 
ground. The most notable feature in the surface of this great 
central plain, which occupies an area of nearly 3,000,000 square 
miles, and has been characterised by Humboldt as " an almost 
continuous region of savannahs and prairies,** is undoubtedly that 
of the open, slightly undulating, and grassy portions denominated 
prairies. These prairies are of vast extent ; some are rolling, 
others are flat ana level in surface ; many of them are treeless, 
and covered only with luxuriant grass and flowers ; towards the 
south some tracts verge into shrubby woodland, while in the 
extreme north the soil is largely swampy and desert. The only 
other notable lowland in North America is the Atlantic plain, 
lying between the Alleghanies and the Atlantic — a fertile district 
of little elevation, but often flat and swampy along the seaboard. 
73. In South America we are presented with three well-marked 
and distinctive river-plains — viz., those of the Orinocco, the 
Amazon, and La Plata. The first is one of the lowest and most 
level tracts in the world, rising not more than 200 feet at the 
distance of fiCX) miles from the sea, and throughout that course 
marked by swamps, periodically overflowed grass-flats (llano8\ 
and tropical forest-growths. The llanos occupy an area of about 
160,000 square miles, which is almost wholly inundated durins 
the rainy season, but shortly afterwards is so densely covered 
with luxuriant grasses that it is known to the natives as the 
''sea of grass.'* During the ensuing tropical droughts these 
llanos become parched and withered ; hence the frequent con- 
flagrations to which they are subject ; and hence also, to a great 
extent, the perpetuation of their treeless character. The second 
or Amazonian plain, still more extensive and unique, is charac- 
terised by similar forest-growths (selvas) and grassy plains, and 
is the lai'gest river-basin in the world, occupying an area of 
about 1,500,000 square miles. Richly alluvial in soil, periodically 
inundated, and under the influences of a tropical sun, these 
selvas present the rankest luxuriance of primeval forest-growth, 
and are in many places accessible only by the river-courses that 
traverse their areas. The third, comprising the contiguous 
basins of the Uruguay, Parana, La Plata, and Colorado, embraces 
an area of not less than 880,000 squal-e miles, and is characterised 
chiefly by its deep alluvial soil, broad thistly flats, and grassy 
pastures, known as pampas. Stretching from the flanks of the 
Andes to the shores of Buenos Ayres, and thence southwards to 
the deserts of Patagonia, these pampas differ considerably in 
character, being flat and thistly towards the coast, slightly undu- 
lating and grassy towards the interior, and full of bogs and 
swamps and scrubby ridges as we approach the Andes. The 
whole region is treeless ; verdant during the rains, but withered 
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and parched daring the dry season. The desert terrace-land or 
steppes of Patagonia, extending southward from the Bio Colorado 
to the extremity of the continent, is a sterile, uninviting region — 
the soil shingly, and strewn with boulders, the grass stunt^, and 
the climate cold and tempestuous. 



Valleys and Minor Depressions. 

74. Besides the great plains of the world, there are numerous 
valleys and minor low-lying tracts that exercise a decided influence 
on the soil, climate, vegetables^ and animals of the countries in 
which they occur. These are the dales and vales of existing 
streams, the broader basins of lakes and rivers, and the straths, 
carseSf and deltas of our estuaries. Whether they have been 
formed by subsidences of the earth's crust, by the silting-up and 
drainage of lakes and morasses, or by the slow erosive power of 
rivers (valleys of erosion), their characters are much alike, and 
the purposes they subserve identical. Their low-lying situations, 
their tempered climates, their rich soils, and well- watered sur- 
faces, have ever made them the grand nurseries of vegetable and 
animal growth ; and this fertility and amenity has ever attracted 
the human race, and rendered them the main theatres of industry 
and civilisation. To particularise the lesser valleys — the dales 
and vales that give amenity and richness to the land surface — 
would be merely to enumerate the rivers and streams that flow 
through the different continents. Every stream has, in some part 
or other of its course, its strip or patch of valley-ground, and these 
occur of every extent, from the meadow of a few acres to the dale 
of many leagues, at all altitudes, from the polder and fen pro- 
tected from the tides by embankments, to the valley high among 
the mountains, and in every variety of surface — morass, silt, 
sand, gravel ; from the warp of the latest flood to the green 
sward of a thousand centuries. In civilised countries these low- 
lands are the principal seats of culture and husbandry ; while in 
semi- civilised regions they constitute the pasture-lands of the 
nomadic shepherd and herdsman. 

75. Besides the dales and vales and valleys properly so called, 
there are also the deltas of many rivers — low-lying tracts still 
in course of formation, and which, from their swampy and par- 
tially inundated character, can scarcely be said to belong to the 
domain of the land. To this category belongs much of the deltas 
of the Niger and Nile, the Indus and Ganges, the Mississippi, 
and the Orinocco and Amazon. The older and higher portions 
of those deltas have long since been converted into fertile allu- 
vial plains, but the lower portions consist largely of mud-flats, 
sandbanks, and lagoons, partially covered with jungle-growth 
during the dry season, yet inundated as far as the eye can reach 
during the periodical overflows of their rivers. In course of time 
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the existing mud-flats and sandbanks will be converted into 
allavial land, and other banks and shoals will arise as the sedi- 
ments of the rivers are carried farther forward into the area of 
the ocean. Besides the river-deltas, there are also considerable 
low-lying tracts of marine silt and sand-drift formed, and still 
forming, along many of the more sheltered bays and recesses of 
the ocean. These, like the links of our own islands, the landes 
of France, the dv/nes of Holland and Denmark, the fern of 
England, and the swamps of Florida, are gradually on the in- 
crease, and in process of time assume a flat or plain-like surface. 
76. As there are plains and valleys at considerable elevations, 
and others again scarcely raised above the overflow of the tides, 
so there are several areas depressed even beneath the general 
level of the ocean. Laying aside some tracts of the Sahara or 
great desert of Africa, which are said to sink beneath the sea- 
level, the most remarkable of these ascertained depressions are 
the Aralo-Caspian basin and the trough of the Dead Sea. The 
former of these, in which are situated the Caspian and Aral seas, 
is a depression of 162,000 square miles in extent, all considerably 
below the ocean — the surface of the Caspian, the lowest portion 
of the cavity, being actually 83 feet beneath the level of the 
Black Sea. The latter, though a mere trough in comparison 
with the former, is still more remai*kable for its depression, the 
Dead Sea being no less than 1312 feet below the Mediterranean, 
from which it is separated by the mountain-range of the Lebanon. 
Were it not that the river-supply of these cavities is fully counter- 
balanced by evaporation, they would, in process of time, become 
filled with water, and their surplus find an outlet to the ocean — 
the Aral and Caspian to the Euxine, and the Dead Sea to the 
Gulf of Akaba in the Bed Sea, with which at some former period 
it was evidently connected by the dry stony valleys or " wadies " 
that now lie between. 



EECAPITULATION. 

Li the two preceding chapters we have endeavoured to present 
an outline of the superficial features of the land, as composed of 
mountains and table-lands, of plains and valleys, and the rela- 
tions they bear to each other in the scheme of Physical Geogra- 
phy. Whatever be the geological law that regulates the succes- 
sive upheaval and submergence of large tracts of the earth's 
crust, we see in the arrangement of the present continents the 
more violent effects of the earthquake and volcano in producing 
abrupt and mountainous irregularities, and the more gradual 
eflforts of air and water in moulding into uniformity of surface 
its plains and valleys. Whatever be the nature of the vulcanism 



BEGAPITULATION. 77 

acting from within, we see that it exerts itself in certain definite 
lines and centres, and these lines and centres give rise to moun- 
tain chains and groups, and these again give contour and confi- 
guration to the terrestrial areas. In the Old World, as already 
stated, the main axis of elevation is from east to west ; hence the 
greatest length of the continent in this direction, and hence also 
the determination of the rivers and river-plains in northerly and 
southerly courses from this axis. In the New World, again, the 
main line of elevation is from south to north ; hence also the 
corresponding direction of that continent, and the opposite courses 
of its principal rivers. As with the main continental masses, so 
with the minor spurs and peninsulas — their direction of greatest 
length being invariably regulated by the direction of their hills. 
Geology thus becomes the evident groundwork of Greography ; 
and on reference, for instance, to the Qeological Map of Europe 
(Plate II. of Johnston's ' Physical Atks'), it will be seen that all 
the granitic, trappean, and volcanic outbursts are but expressions, 
in other terms, for the extent and directions of the mountains of 
that continent. As the great plains are but the undisturbed 
portions of the continents, they will naturally take the same main 
direction as the mountain-ranges ; just as the table-lands, which 
are upraised by the mountains, will be situated among their 
groups or along their axes. On the other hand, the rivers, obey- 
ing the laws of descent from the opposite sides of these axes, will 
have their valleys and dales running less or more in cross courses, 
thus giving additional features of diversity to the land. In the 
Old World the principal mountain-chains are those of the Pyre- 
nees, Alps, Carpathians, Caucasus, Himalayas, Thian-Shan, and 
Altai, which trend in one main direction from the Atlantic on 
the west to Behring Strait on the east ; and this great irregular 
axis is flanked on the north by the plains of central Europe and 
Siberia, and on the south by the minor plains of Hindostan and 
China. In the same manner, in the New World, the Eocky 
Mountains and Alleghanies alternate with the central and 
Atlantic plains of North America ; while in South America the 
great lowland may be said to stretch between the Andes and the 
Cordilleras of Brazil, the only exception being the river- valley of 
the lower Amazon. Mountains and table-lands, plains and val- 
leys, are thus but the counterparts of each other ; and rugged 
and inhospitable as the former may seem, the latter would be 
but thirsty deserts were it not for the clouds and rains, the streams 
and rivers, that are generated among their summits, and descend 
in perennial supplies from their glens aud recesses. Ethnologi- 
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callj, as moontain regions haye eyer been the nursing-fields of 
hardy, braye, and independent races, so plains and yalleys haye 
eyer become the sheltered and fertile seats of settled industry and 
ciyilisation. The plains of China and Hindostan, of the Tigris, 
the Euphrates, and the Nile, were the early and populous abodes 
of mankind in the eastern hemisphere, just as in the western the 
yalleys of the Missouri and the Mississippi were the chosen 
grounds of primitiye mound-building races. And as in former 
ages, so eyen now the principal sites and centres of industry are 
to be found in the riyer-pkdns of the Old and New Worlds — the 
causes that induced the early shepherd settlers being equally 
operatiye on their agricultural, city-dwelling, mechanical, and 
commercial descendants. 



YIII. 



THE WATBB — ITS OCEANS AND SEAS. 



Their Area and Configuration. 

77. Hayinq coDsidered the various conditions of the Land — its 
area, configuration, highlands, and lowlands — we now turn to 
those of the Water, as exhibited in its oceans and seas, their areas, 
depths, composition, tides, currents, and kindred phenomena. 
And here it may be observed of Water, which forms so import- 
ant an element in the constitution of the globe, that, chemically 
speaking, it is the protoxide of hydrogen^ consisting of two 
volumes of hydrogen and one of oxygen, or of eight parts of 
oxygen to one of hydrogen by weight — 88.9 oxygen and 11.1 
hydrogen. When pure and at ordinary temperature, it is fluid 
and amorphous, without taste or smell, colourless in small quan- 
tities, but in large masses of a peculiar bluish-green or blue. The 
specific gravity of pure or distilled water, at 62** Fahr., is assumed 
at 1.000, and is taken as the standard of gravity for all other 
bodies ; but sea-water varies, according to locality and the depth 
from which it is taken, from 1.027 to 1.029. When heated to 
the temperature of 212 Fahr. at the level of the sea, and under 
the ordinary pressure of the atmosphere, water boils, and is con- 
verted into steam ; and this boiling point (as it is termed) be- 
comes less as we ascend above the sea-level. At 40° Fahr. water 
is at its minimum volume, expanding as it rises above that tem- 
perature, till it is wholly converted into vapour, and also, as it 
falls below it, till at 32° for fresh, and 28^° for salt water, it is 
converted into ice — a transparent, brittle, crystalline solid, which 
floats on the surface. Water, as found on the earth, is never 
absolutely pure, but contains more or less of various substances, 
as atmospheric air, carbonic acid, nitrogen gas ; silica, alumina, 
and salts (carbonates, sulphates, nitrates, phosphates) of lime, 
magnesia, soda, potash, protoxide of iron, manganese ; or chlo- 
rides and fluorides of their metallic bases ; and in the sea and 
some saline springs, also iodine and bromine. Like all other 
fluids whose particles are free to arrange themselves, water at 
rest always assumes a level surface, and this surface, in the case 
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of the ocean, corresponds with and forms part of the circumference 
of the globe. As an agent in nature, it is indispensable to the 
life of plants and animals, it enters into the composition of all 
bodies, whether organic or inorganic, and in the form of rain, 
streams, rivers, waves, tides, and currents, is the great modifier 
and remodeller of the geological aspects of the globe. 

78. It has already been noticed (par. 36), that though encircling 
the globe on every side, and spreading over nearly three-fourths of 
its surfece, the great "world of waters" is more or less configured 
into certain expanses which are termed oceans, and thus we have 
on the west of the Old World, and between it and the new, the 
Atlantic Ocean ; while on the west of the New World, and between 
it and the Old, spreads out the still vaster area of the Pacific. 
These divisions become apparent on the most cursory inspection 
of the map of the world — the former lying like an irregular 
valley between the two continental land-masses, and communi- 
cating freely with the arctic and antarctic waters ; the latter nar- 
rowed to a mere strait on the north, but spreading out towards 
the south over nearly half the globe, and ultimately losing its 
individuality in the undefined expanse of antarctic waters. Be- 
sides the Atlantic and Pacific, the Arctic and Antarctic consti- 
tute well-recognised though imperfectly known oceans ; while 
between Africa and Australasia stretches the familiar and much- 
traversed area of the Indian Ocean. In treating of these great 
oceanic expanses, various names and subdivisions are employed 
by navigators, but for all practical purposes in physical Geo- 
graphy the terms North and South Atlantic, North and South 
Pacific, Arctic, Antarctic, and Indian Oceans, are sufficiently ex- 
plicit and comprehensive. Or, looking upon the waters that 
extend southwsurds from the extreme points of Africa, Australia, 
and South America, as one great united mass, the term Southern 
Ocean will often be found to be convenient, and not inappro- 
priate. 

79. Taking the Atlantic Ocean as extending from the arctic to 
the antarctic circle, its length is upwards of 9000 miles ; its 
breadth varies from 900 to 4000 miles, being only 900 between 
Norway and Greenland, 1700 between Sierra Leone and Brazil, 
and 4100 between Marocco and Florida ; and its computed area 
is about 25,000,000 square miles. This vast expanse is little 
interrupted by islands ; in its northern section it is irregular in 
form, and throws several important branches into the land ; but 
in the southern its form is regular, and its shores continuous. 
Towards the north it is partly enclosed by the rocky coasts of 
Greenland, Iceland, and Norway ; but towards the south it is 
quite open, and merges broadly into the Antarctic Ocean. The 
leading branches are Baffin and Hudson Bays, the Gulf of St 
Lawrence, Bay of Fundy, Gulf of Mexico, and the Caribbean Sea, 
on the west or American side ; and on the east or Old World side, 
the North Sea, Baltic Sea, English Channel, Bay of Biscay, the 
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Mediterranean Sea, and the Gtdf of Guinea. All, or nearly all, 
of these recesses occur in the northern division of the Atlantic ; 
hence the greater interest of this section to the geographer, 
naturalist, and navigator. Of the minor seas (some of which are 
ice-locked for a considerable portion of the year, and others en- 
cumbered by reefs and shoals), the most important, physically ana 
vitally, is the Mediterranean, whose shores formed the early 
nurseries of civilisation and commerce, and whose waters are 
still the highway of communication, not merely between the three 
continents — Europe, Asia, and Africa—that encircle its shores, 
but between these and every other portion of the globe. 

80. The Pacific Ocean, though less important as a highway of 
commerce, occupies nearly twice the expanse of the Atlantic — ^its 
greatest breadth being 12,000 miles, and its computed area about 
50,000,000 square miles. Unlike the Atlantic, it is almost en- 
tirely shut out from communication with the Arctic Ocean — the 
only passage of connection being that of Behring Strait, not 
more than 36 miles in width, with a maximum depth of 25 
fathoms ; but, like the Atlantic, it also opens out towards the 
south, and merges undefinedly into the Antarctic. It is thickly 
studded with islands and clusters of islands, and these physically 
and vitally constitute one of its most distinctive features. Its 
leading branches are the Sea of Kamtchatka, Sea of Okhotsk, Sea 
of Japan, Yellow Sea, and Chinese Sea, on the west or Asiatic side ; 
while on the east or American side, the Gulf of California and the 
small bay of Panama are the only indentations that break the 
uniformity of its coasts. The most important of these minor seas 
are those of Japan and China, whose shores have been the seat 
of an early and peculiar civilisation, and whose waters have long 
been traversed by the ships of every other nation. 

81. The Indian Ocean, stretching between Africa and Austra- 
lia on the one hand, and between Asia and the Southern Ocean 
on the other, is upwards of 4000 miles in breadth, and is com- 
puted to have an area of about 17,000,000 square miles. If we 
except the Indian Archipelago, which forms its boundary rather 
than belongs to it, it is encumbered by few islands ; and it also 
penetrates the land by few branches — ^the Bed Sea, Arabian Sea, 
Persian Gulf, and the Bay of Bengal, being the only minor seas 
— and these all on its northern or Asiatic boundary. The most 
important of these minor branches are the Bed Sea and the Bay 
of Bengal — the former early and intimately connected with the 
history of man, and the latter, the leading highway of modem 
commerce to the varied wealth of India. 

82. The Arctic and Antarctic Oceans, from their circumpolar 
situations, are largely blocked up with ice, and consequently but 
imperfectly known to geography. The Arctic forms, as it were, 
a circular oasin, bounded in general by the northern coasts of 
Europe, Asia, and America, which remarkably conform to the 
parallel of 72°, and having an area roughly estimated at 4,000,000 , 
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square miles. It penetrates northern Europe by the White Sea 
and Sea of Kara^ and northern Asia by the Gulf of Obi and a 
few small inlets, and northward from these shores seems inter- 
rupted by comparatively few islands. The northern shores of 
America, however, present so many islands and ice-locked inlets, 
that it has, up to the present moment, been impossible to deter- 
mine whether land or water continues northward and surrounds 
the pole. The Antarctic Ocean, on the other hand, is open on 
all sides to the Pacific, Atlantic, and Indian Oceans, which thus 
insensibly merge themselves into the great Southern Ocean. So 
far as navigators have ventured to approach the southern pole, 
various islands and shores have been observed which would favour 
the idea of a circumpolar continent ; but whether land, sea, or 
an ice-bound archipelago, occupies the immediate region of the 
pole, is likely long to remain an undetermined problem. Alto- 
gether, the Antarctic is a cold, boisterous, and unapproachable 
ocean — its ice extending 10° nearer the equator than that 
of the Arctic, and ofifering few of those inducements that have 
stimulated repeated research in the Northern Ocean. 

83. Such are the areas occupied by the waters of the ocean — 
areas and subdivisions which are not only necessary to intelli- 
gible description, but which are marked in reality by different 
conditions and characteristics in nature. Position on the globe 
decides their temperature ; area and configuration determine 
their tides and currents ; and the sum of these physical condi- 
tions regulates the nature and distribution of their plants and 
animals. Any change, therefore, either in position, area, or con- 
figuration, would be attended by a corresponding change of con- 
ditions, and any such alteration would affect all the consequences, 
physical and vital, that depend on external conditions. As they 
exist, the North and South Atlantic, situated under different 
latitudes, enjoy different temperatures ; while the north, by 
virtue of its greater irregularity of form, and numerous ramifica- 
tions into the land, exhibits a much more varied display of vege- 
table and animal life. The same also holds good of the North and 
South Pacific, with these important modifications, that the North 
Pacific, compared with the North Atlantic, is almost excluded 
from Arctic influences, while the numerous islands of the South 
Pacific occasion conditions, phvsical and vital, peculiarly its own. 
The Indian Ocean, surrounaea on three sides by land, and situ- 
ated, for the most part, in the torrid zone, presents peculiarities 
unknown in other subdivisions ; while the Arctic and Antarctic, 
receiving the minimum of solar heat, are ice-locked for the greater 
part of the year, and have little in common with the other sec- 
tions of the ocean. As already stated, it is on these primary 
relations of position and configuration that the different tempera- 
tures, tides and currents of the various oceanic subdivisions, 
depend ; and it is entirely owing to these conditions that the 
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specific life of one sea or ocean differs from the life of all other seas 
and oceans. And yet it must be borne in mind that, though 
diversely situated and characterised, there is still the most inti- 
Inate connection and interchange between their waters — the colder 
ever flowing towards the warmer, and the warmer towards the 
colder, so that in this respect they constitute in reality one gi*eat 
and indivisible " world of waters." 



Composition, Density, Depth, Temperature. 

84. This great ocean, in all its areas and ramifications, is 
characterised by a greater or less degree of sdltness — this saltness 
arising from the presence of certain substances held in chemical 
solution in its waters. These substances are chloride of sodium 
(common salt) and sulphates of magnesia and lime, together with 
minor and varying proportions of salts of potash and ammonia, 
iodides and bromides of sodium, carbonate of lime, silica, &c. — 
amounting in all from 3^ to 4^ grains to the hundred of water. 
According to M. Begnault, the following is the mean of several 
analyses of sea-water : — 



Water, 

I Chloride of sodium, 
Chloride of magnesium, 
Sulphate of magnesia. 
Carbonate of lime, . 
Bromide of magnesium, 
Loss (including iodides, silica, &c.), 



96.470 
2.700 
.360 
.070 
.140 
.230 
.003 
.002 
.025 

100.000 



The preceding ingredients may vary in different seas, and accord- 
ing to the locality whence, and the season when, the water is 
taken, but only to the extent of a fractional percentage — the 
incessant circulation and intermingling of the ocean's waters by 
waves, tides, and currents, producing a uniformity, or all but 
uniformity, in its saline composition. It has been found, how- 
ever, that the waters of the Southern Ocean are slightly Salter 
than those of the Northern ; that the greatest saltness takes place 
along the parallels of 22° north and 17° south, or in the courses 
of the trade-winds, which absorb and carry off an excess of eva- 
poration towards the equator, where it descends in freshening 
rain-falls ; and that from these limits of maximum saltness there 
is a slight progressive diminution towards either pole. Though 
communicating freely (by currents and counter-currents) with the 
ocean, the majority of inland seas are less salt than the ocean, in 
consequence of the influx of rivers into their circumscribed areas ; 
but some, like the Bed Sea, receiving no rivers, and subjected to 
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active evaporation, have their saltness slightiy in excess. As a 
general rale, inland seas receiving numerons rivers, and from 
their situation subjected to little evaporation, will be fresher than 
the ocean (e. g,^ the Baltic) ; while others also receiving rivers, bnt 
subjected to a more active evaporation (as the Mediterranean), 
will have their saltness somewhat in excess. Though the saltness 
of the sea be pretty uniform at great depths, still at the surface, 
owing to the admixture of rain, river, and iceberg water, it is 
not quite so salt ; and this freshness will increase, of course, 
acconiing to proximity to the mouths of the entering rivers. It 
has also been ascertained that water from the surface contains 
less air than that frx)m depths, and the difference may equal one- 
hundredth of the volume of water. Another noticeable prc^erty 
of salt water is, that it is less sensitive, if we may so speak, to 
cold than fresh water — the latter freezing, as is well known, at 
32°, while sea-water is not converted into ice till the thermo- 
meter sinks to 28^° Fahr. Tt is likewise less vaporisable 
than fresh water — ^that is, a given extent of salt- water surj&ce 
gives off less vapour during the same time, and under the same 
conditions, than an equal extent of fresh-water surface. Such com- 
position and properties are no doubt all-essential in the economy 
of nature. Shell-fidi, Crustacea, coral-zoophytes, and other crea- 
tures, derive the calcareous matter of their structures from the 
salts of the ocean ; fishes breathe the aerated waters of the shel- 
tered and undisturbed depths; and both plants and animals 
obtain conditions of existence which absolutely pure water would 
fail to supply. By its lower freezing point a larffer amount of 
surface is ever kept open and accessible ; and by its slower 
evaporation a less amount of moisture is borne from its greater 
expanse to the comparatively smaller surface of the land. 

85. It will be seen that no notice lias been taken in the pre- 
ceding paragraph of ingredients— sand, mud, and organic debris 
— that may be Tnechanically stLspended in the waters of the 
ocean. These are purely local and accidental, depending on 
river-fioods, tidal-currents, waves, storms, and other commotions. 
When the commotion subsides, the waters regain their transpa- 
rency ; and altogether, unless along wasting shores, in tidal 
estuaries and river-embouchures, there is really very little matter 
mechanically suspended in the waters of the ocean. On the other 
hand, the ingredients held in chemical solution are all but 
constant and universal. The water that evaporates frt>m the 
ocean is all but absolutely pure ; it falls on the land in mist and 
rain and snow ; percolates the soil and rocks ; and returns 
again to the ocean, carrying with it the saline substances 
it has dissolved from the rocky strata. The ocean is thus the 
great equalised repository of all that is borne from the conti- 
nents ; and there they would accumulate, were it not for the 
beautiful counterpoise that is ever kept up by the requirements 
of plants and animals, as well as by the intervention of new 
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chemical arrangements among its molti&rious sediments. So 
far as Geology can determine by a study of the marine life (shell- 
fish, corals, foraminifera, &c) of former ages, the composition of 
the ocean seems to have been much the same as it is now ; and 
thus, in all our reasonings, we may regard its saline contents as 
having long arrived at a state of equilibrium and fixity. Even if 
there were a slight excess at any one period, that excess would 
be merely temporary, as those incessant mutations of sea and 
land, involving, the formation of new limestones, magnesian lime- 
stones, rock-salts, and the like, are ever taking up the surplus 
and restoring the equilibrium. 

86. The mean specific gravity of sea-water, as compared with 
absolutely pure water at 62** Fahr., is found to be 1.0275 — 
an amount that corresponds to a percentage of 3.505 of saline 
ingredients. The Salter, therefore, that water is, the greater its 
gravity ; and hence the fresh-water of rivers, of melting icebergs, 
&c., will float for many miles on the surface o( the sea oefore the 
two fluids be thoroughly diffused and commingled. It is owing 
to this that potable water has been ah/m/med from the surface 
several miles from the mouths of large and rapid rivers ; and it 
is also for this reason of unequal densities that currents are estab- 
lished in different parts of the ocean — the heavier ever seeking 
to establish its equilibrium. As already mentioned, water ac- 
quires its minimum volume, or greatest density, at a temperature 
of 40"", and becomes lighter and lighter either as it rises above or 
falls below this temperature. Owing to this property a per- 
petual interchange or circulation is kept up among the waters of 
the ocean, horizontally from colder to warmer, and from warmer 
to colder regions ; and vertically from surface to depths, and from 
depths to surface. Again, water being slightly compressible, it 
follows that at sreat depths in the ocean the water will be denser 
than at the surUtce, and consequently what takes place near the 
shore will be impossible at extreme depths. According to experi- 
ment, water at the depth of 1000 feet is compressed m^h of its 
bulk ; and at this ratio the pressure at the depth of one mile 
would be equivalent to 160 atmospheres, or 2320 lbs. on the 
square inch ; while at the depth of 4000 fathoms, or about 4^ 
miles, it would amount to 750 atmospheres ! At vast depths, 
therefore, it is generally supposed that vegetable and animal life, 
as known to us, could not possibly exist ; and though some recent 
soundings in the north seas at the depth of 1260 &thoms would 
seem to oppose this opinion, yet the paucity and uncertainty of 
these trials leave the question still in doubt ; and we may, in the 
mean time, adhere to the general belief that the extreme depres- 
sions of the ocean, like the extreme elevations of the land, are 
barren and lifeless solitudes. 

87. Touching the depth of the ocean, it has been already ob- 
served, that as the dry land rises variously and irregularly above 
the level of the ocean, so the bottom of the ocean sinks variously 
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and irregularly beneath its waters. All that has been learned 
from the sonnaings of navigators establishes the fact, that there 
are shallow shoals and banks, deeper flats and plateaux, and 
still deeper troughs and valleys ; and that were the whole laid 
dry, we should have presented to us much the same kind of ine- 
qualities as are presented by the surface of the land. In fact, 
the bed of the ocean is but the submeived surfisu^ of former lands, 
and unless, perhaps, in the instance of coral-reefs and submarine 
volcanoes, there is no foundation for the belief that the troughs 
and precipices of the ocean are sharper and more abrupt than 
those of the dry land. If the iuequalities of the land are worn 
and rounded by meteoric agency, and masked by a covering of 
soil, so the inequalities of the ocean-bed were worn down before 
submergence, and have since been masked, except in the courses 
of tides and currents, by a still deeper covering of sediment and 
drifted debris. As a general fact, it may be stated that, where 
the land slopes gradually towards the ocean, the waters also 
deepen gradually ; and, on the other hand, where the land de- 
scends abruptly, the sea deepens, in like manner, suddenly and 
abruptly. In fact, this is only the natural consequence of slope 
and counter-slope, and a great relation to which there is scarcely 
an exception. Tne northern plains of Kussia and Siberia, for 
example, slope gradually into the shallow bed of the Arctic Sea. 
just as the abrupt terminations of South America, Africa, ana 
Australia, dip suddenly into the deeper waters of the Southern 
Ocean. The level plains of China spread gently outwards into 
the shallow waters of the Yellow Sea ; the low shores of eastern 
England, in like manner, slope slowly into the comparatively 
shallow basin of the North Sea ; while, on the other hand, the 
precipitous coasts of Norway dip suddenly down into a corres- 
ponding depth of water. This fact, that low lands are generally 
Dorder^ by shallow seas and high lands by deeper water, affords 
no idea, however, of the depths of distant and central expanses, 
and for these we must either appeal to theoretical deduction or 
to actual observation. 

88. So fai' as experiment is concerned, comparatively little is 
known of the absolute depth of the ocean ; ana even where deep 
soundings have been made, there has been great liability to error, 
partly from the imperfection of the apparatus employed, and 
partly from the chance of the line being deflected from the per- 
pendicular by the force of under-currents. The common notion 
that the extreme depths of the sea correspond to the extreme 
heights of the land — that is, as the highest mountains rise little 
above five miles, so the greatest depths sink little below that 
amount — ^has no foundation in fact, there being no necessary con- 
nection between the two phenomena. The mean devotion of all 
the land — continents and islands, mountains and plains — has 
been estimated by Humboldt at somewhat less than 1000 feet ; 
and the mean depth of the ocean has been calculated by Laplace, 
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from tidal waves and kindred phenomena, to be at least 21,000 feet, 
or aboat four English miles. We know, however, that a very 
large proportion of the ocean is comparatively shallow, and not 
a tithe of this depth, and therefore, to make up the mean, some 
other portions must be proportionally deeper, and to the extent, 
it may be, of eight or ten miles. Indeed, soundings (no doubt 
open to question) have been made in the South Atlantic, both 
by British and American navigators, varying from 27,000 to 
46,000 feet ; and soundings perfectly reliable have been taken in 
the North Atlantic, off the bank of Newfoundland,i;o the depth of 
25,000 feet ; while from calculations on the velocity of tidal waves, 
which are found to proceed according to the depth of the channel, 
it has been estimated that the extreme depths of the same ocean 
are about 50,000 feet, or more than nine miles. Altogether, and 
according to our present information, we may admit a mean depth 
of four miles for the ocean, and reliable soundings to the extent of 
five miles ; but believe, partly on experiment, and partly on theore- 
tical grounds, that several portions sink to the depth of eight or 
ten miles. It may also be stated in general terras that the 
Atlantic, averaging from three to five miles, is, on the whole, deeper 
than the Pacific ; that great depths (from four to six miles) have 
been determined in the Indian and Southern Oceans ; that the 
Antarctic becomes shallower as we approach the pole ; and that 
the Arctic, of moderate depth, is characterised by great irregu- 
larity and diversity. With regard to the minor seas, the greatest 
ascertained depth in the Mediterranean is about 13,000 feet ; in 
the Bed Sea, 6300 feet ; in the Baltic, 840 feet ; in the Caribbean 
Sea, 14,000 feet ; and in the Gulf of Mexico, about 8000 feet. 

89. Bespecting the temperature of tJie ocean, few reliable or 
sufficiently extended observations nave yet been made, either 
as regards its various areas or its successive depths. We 
know, however, that it is more equable than that of the land, 
and that, though the superficial portions are colder in summer 
than the surrounding atmosphere of any contiguous terrestrial 
district, they are in winter always several degrees higher — thus 
exercising the function of a great storehouse of heat for modify- 
ing and equalising the climates of the adjacent land. The sur- 
face temperature is necessarily highest along the equator, or 
rather along a belt, varying from 2° to 8°, on either side of the 
equator, and then gradually diminishes as we approach either 
pole. Along this equatorial zone temperatures have been found 
ranging from 78° to 85° — higher exceptional temperatures (87° and 
88°) having occasionally been taken in parts of the Indian Ocean 
and the Gulf of Mexico. Though varving in surface temperature' 
according to latitude — from 80 at tne equator to perpetual ice 
towards either pole — it has yet been found that at veir great 
depths the ocean preserves a uniform m^an temperature of about 
39^°. Thus, according to the experiments of Sir John Boss, the 
circle of the mean temperature of the ocean in the southern 
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hemisphere lies hetween the 56th and 59th pandlels of latitude ; 
along which belt the uniform temperatnre of 39^° has been 
found to prevail at all depths, from the siir&ce downwards. To 
the south of this line, owing to the absence of solar heat, the 
surface depths are colder, and the mean of 39^° is not reached in 
the 70th parallel till we descend to the depth of 4500 feet^ be- 
neath which to the greatest depths the temperature is uniformly 
at 39j^°, while the surface temperature is only 30^ To the north 
of the line of mean temperature, in consequence of the absorption 
of the sun's heat, the surfaceniepths are warmer ; and in the 
45th parallel the mean of 39^° Ib not reached till we descend 
3600 feet ; while at the equator we have to descend 7200 feet be- 
fore the same mean is obtained, and then at all depths below 
this it maintains the unvarying mean temperature of 39^°, though 
the surface is at 80°. Presuming that a similar order preva^ 
in the northern hemisphere, we have thus three great regions of 
oceanic temperature— an equatorial and two polar, the former 
characterised by warm water at the surface, and the latter by 
cold. Such are the facts, so far as ascertained, respecting the 
general temperature of the ocean ; but inland seas and currents 
mav be colder or warmer according to the position they occupy 
ana the direction from whence they proceed. The surface tem- 
perature of the Gulf of Mexico, for example, is several degrees 
warmer (86° and 88° have been named) than the main Atlantic 
under the same latitude ; the waters of the Gulf Stream are also 
several degrees higher in a large portion of its course than those 
through which it flows ; while the Arctic Current, on the other 
hand, is considerably colder. 

90. Besides the preceding conditions of saltness, density, depth, 
and temperature, there are also those of colour and luminosity^ 
usually adverted to by navigators and geographers. In small 
quantities water is generally regarded as colourless, but that of 
tne ocean assumes different hues, and this altogether indepen- 
dent of the colours of the sky which may be mirrored on its sur- 
face. Thus, in the open ocean, shallow water is indicated by a 
green tint of different degrees, while profound depths are chanio- 
terised by an indigo blue. Whether this arises from the greater 
density of the mass, or from some peculiarity of its saline consti- 
tution, is not yet satisfactorily known ; but the fact remains, and 
" sea-green waves '* and " dark-blue oceans '' are something more 
than mere poetic fancies. Of course, in some localities there 
may be accidental or even permanent discolourations, arising from 
the entrance of river- water, from peculiarity of bottom, or from 
the presence of countless myriads of vegetable and animal organ- 
isms ; hence the application of such terms as Red, Black, White, 
Yellow, Green, ana Vermilion to certain seas and areas of the 
ocean. In ffeneral, however, the ocean water is dear and limpid, 
and, under favourable circumstances, objects are reported to have 
been seen at a depth of 300 and 400 feet, or about half the dia- 
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tance to which the sun*s light is supposed to penetrate into the 
abyss of waters. The phenomenon of luminosity or phosphores- 
cence is less general, perhaps, and seems to depend in a great 
degree on locjdity, season of the year, and state of the weather. 
Luminous animalcules and creatures of various kinds appear to be 
the proximate cause of the phenomenon, which becomes more 
apparent in still, dark nights, and where the surface of the water 
is disturbed by the stroke of an oar, or the friction of a parsing 
keeL 

Waves, Tides, Currents. 

91. Like other fluids whose particles are free to yield to every 
impulse, the waters of the ocean are subject to several move- 
ments, the more important of which are waves, tides, and cur- 
rents. Waves are produced by winds, and occasionally by earth- 
quake commotion, tides by the attractions of the moon and sun, 
and currents chiefly by that incessant tendency which waters of 
different densities and temperatures have to assume a state of equi- 
librium. And first of Waves, whose main characteristics are 
magnitude, velocity, and force of impact. Waves occur in every 
part of the ocean, and wherever the wind blows, — the aerial 
current drifting the surface waters along with it, and producing 
undulations, which increase, according to the power of the pro- 
pelling force, from the gentlest ripple to billows 30 or 40 feet in 
neight. In deep and open seas a continuous wind produces 
merely an undulation or up-and-down movement of the surface 
waters ; and this commotion, even in the case of a wave a quarter 
of a mile in breadth and 40 feet high, is not sensibly felt at a 
depth of 220 fathoms. But in obstructed and shallow seas the 
lower part of the advancing undulation is retarded by frictional 
contact with the bottom — the upper portion advances with head- 
long motion, and ultimately breaks with forcible impact on the 
opposing shore, which is worn and abraded by the backward and 
forward motion of the surf. Such is the beginning, course, and 
termination of ordinary waves, — at first a mere ripple; as the 
gale increases, a long roll and swell in the deep sea ; and ulti- 
mately a cresting and dash of breakers on the shelving shore. 
Occasionally, however, the wind shifts, and sets in waves from 
opposite directions, and these crossing and commingling produce 
a violent commotion, even far out at sea, and in the deepest 
waters. The aspects and characters of waves are known to 
sailors by many different names ; the ruffle or ripple* under a 
rising breeze being spoken of as a catspaw, the long undulation 
as a gwdl or billow, the shorter undulations as they approach the 
shore as rollers and breakers, and the broken water along shore 
as surf. The big heavy waves that occasionally set in when 
there is no wind (having been produced by storms far out at sea^, 
are said to form a ground-swell; the commotion produced by 

F 
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eroHh waves fbrma a chopping mcl, and in a less d^ree Ajabble or 
cro»4ipper; bat these and aimiiar terms belong more to nantical 
tedmicaiity than to the goieralities of Physical Geography. 

92. Generally speaking, the magnitude of vfind-waves hia been 
greatly exaggerated, pai^y from the difficulty of making correct 
obseryations, and partly from the impression of dread prodneed 
on the mind of the obs^rer. The greatest waves known are said 
to be those off the Cape of Good Hope, where, under the influence 
of a north-west gale, they have been found to exceed 40 feet in 
height. Off Cape Horn they have been messured at 32 feet from 
trough to crest ; and in the North Atlantic, waves from 20 to 

*25 feet are by no means uncommon. In our own seas, however, 
they rarely exceed 8 or 10 feet ; and aU accounts of their running 
"moontun. high" mut ber«cei^» >i«« poetical exaggerations. 
In the case of earthquake-waves the conditions are altogether 
diffisrent ; and as the whole mass of water is then thrown into 
commotion by sodden and abrupt risings, fidlings, and whirlings, 
waves, or rather walls of water, 60 or 80 feet high, may be thrown 
with tremendous impetus upon the land. In the Lisbon earth- 
quake of 1755, the destructive wave that rolled in upon the coasts 
of Portugal was estimated at 60 feet ; and in the ^moda (Japan) 
earthquake of 1854, three huge waves, at intervals of a few mi- 
nutes, rushed into the bay, destroying the native craft, and com- 
pletely submerging the town of Simoda. 

93. The velocity of waves depends primarily, of course, upon 
the power and continuance of the wind, but is greatly modified 
by, and bears an ascertainable relation to, their magnitude and 
the depth of the water over whidi they travel Thus it has been 
calculated by Professor Airy that a wave lOO feet in breadth and 
in water 100 feet deei> travels at the rate of about 15 miles per 
hour ; one 1000 feet oroad and in water 1000 feet deep, at the 
rate of 48 miles ; whereas another, 10,0(X) feet in breadth and in 
water 10,000 feet deep, will sweep forward with a velocity of not 
less than 154 miles per hour. The force with whi^ a wave 
strikes iu;ainst any opposing barrier depends, in like manner, 
upon its bulk and velocity, and in the case of huge waves this 
impact is enormous. From experiments made at lighthouses 
and breakwaters their effective pressure has been estimated as 
high as 6000 lb. per square foot : and one has only to observe 
the breaches occasionuly made in sea-walls, and the distance to 
which blocks of stone, several tons in weight, have been hurled 
forward, to be convinced of their great propulsive power. Of 
course the force with which a wave simply strikes is not to be 
altogether estimated by its propulsive power, for substances 
submerged in water lose a certain portion of their weight, which 
greatly fftcilitates their displacement and transport 

94. The next, and perhaps the most important and persistent 
of oceanic movements, is that of the Tidks — a term applied to 
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the periodic rising and falling of the waters, occasioned chiefly 
by the attraction of the moon,l)ut partly also by that of the sun. 
In obedience to the universal law that *' every particle in nature 
attracts every other particle with a force inversely as the square 
of the distance/* the earth is attracted by the sun and moon, but 
more by the latter in proportion to its greater proximity. Land 
and water alike experience this attraction, but the particles of 
the latter being free to move among themselves, the mass of the 
ocean is drawn out beyond its normal circumference towards the 
attracting bodies. Had the earth been immovable as regards 
the sun and moon, this bulging out of the waters wouldliave 
been stationary; but as she turns on her axis, meridian after 
meridian is brought directly opposite to the attracting force, and 
thus the rising oi the waters becomes a great tidal wave or Jlow 
that travels round the globe. The moon, we have said, exercises 
the greater attraction, but when the sun and moon are in con- 
junction, or in opposition (that is, at new and full moon), the sum 
of the two attractions will cause the greatest possible rise, known 
as spring-tides ; and when the moon is in her quadratures (that is, 
at ner first and last quarters), the sun's attraction, acting in a 
different direction, will diminish the lunar tide, and then we 
will have the least rise, or neap-tides. The following diagram 
may assist the comprehension of these phenomena : — 

Eairth.. Moon. 
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Here t being the nearest point of the Earth's surface to the moon, 
the waters at that part are most attracted towards that luminary, 
and of course rise highest ; while on the opposite side at if the 
earth is drawn, as it were, away from them, and they stand out 
nearly at the same height as those at t But as the waters rise 
simultaneously Skttf they are drawn away from e c', and as the 
earth turns round, each' point on its surface will necessarily have 
two high- waters and two low- waters per day. In other words, 
the sea Jlows or rises as often as the moon in her apparent circuit 
passes the meridian, both the arc above and the arc below tbe 
horizon, and ebbs or falls as often as she passes the horizon, east 
and west. The solar day, however, being only 24 hours, and the 
lunar (owing to the moon's monthly course round the earth) 
being 24 hours, 54 minutes, it requires rather more than a rota- 
tion of the earth to bring the same meridian to thesame position, 
relatively to the moon, as it had the preceding day. In other 
words, it requires more than 24 hours to brmg the moon round 
to its vertical position over any given place, and thus the tides 
of one day are always about an hour later than thev were on 
the precemng day. Again, had the moon been the sole attract- 
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iDg bod J, the tides would have riaen always to the same height ; 
bat the sun, exerting a simiiltaneoiis attractioii either along with 
or against thai of the mooa, creates an alternate mazimnm and 
minimnm of flow. Thns when the son is at S and S* his attrac- 
tion is combined with that of the moon, and a higher tide is the 
resoit. When at S the darkened side of the moon will neoes- 
sarily be towards the earth, and it ia new moon ; and when at S^ 
the illnminated &ce of the moon will be towards the earth, and 
it is fall moon ; so that the higher or springtides take place 
alternately at new and fall moon. On the other hand, when the 
moon is 90" from the san's place (that is, when she is in her first 
and last qaarters, or half moon), his attraction, being exerted at 
right angles, coonteracts that of the moon, and the resalt is the 
lower or neap-tides. He greatest tides occar, of coarse, when 
the luminaries are nearest and pass most Tertically to the place 
of observation ; and as each tide has only aboat six hoars tojlow 
and aboat six hoars to €66, the highest mast necessarily be the 
swiftest and the lowest the slowest. 

95. Sach, in general terms, is the theory of the tides ; and had 
the sarface of the globe been entirely covered with water, the 
tidal wave woald have been regalar and continaoas from meri- 
dian to meridian, and, as a conseqaence, highest in the r^on of 
the equator, and gradually £dling away towards either ]iole. 
But the continuity of the ocean being interrupted by land, and 
this land lying in a great measure meridionally, as well as being 
irregular in outline, and consisting in many parts of islands, the 
course of the tidal flow is obstructed and deflected into various 
courses. Under the present arrangement of sea and land, these 
courses are, however, sufficiently persistent ; and tiius their di- 
rections, times, velocities, and heights, can be determined with 
accuracy for the purposes of navigation. The Southern Ocean, 
encircling the globe, and being comparatively uninterrupted by 
land, may be regarded as the area in which the tidal wave 
receives its great primary impulse. It is thence carried 
forward, deflecting itself northward into the Indian, Atlantic, 
and Pacific Oceans, where, uniting with the minor tide-waves 
generated in these expanses, it flows, rises, and subdivides, ac- 
cording to the outline of the coasts, the depth of water, and the 
obstruction of islands. Notwithstanding the complications 
arising from these causes, there is still sreat regularity in the bi- 
diurnal flow and ebb of the tides ; and by noting the times at 
which the same high-water reaches dififerent parts of the coast, a 
series of lines connecting these points may be laid down so as to 
indicate the course of the tidal wave with great precision. Such 
a series of lines are termed co4idal lines, or lines of simultane- 
ous tide, and mark the progress of the summit of high-water from 
its origin in the Southern Ocean to its remotest ramifications in 
northern waters. We say northern waters, for though the pri- 
mary and normal direction of the tidal wave is from east to west, 



WAVICS, TIDES, CURRENTS. 



93 




94 OCEANS AND SEAS. 

in obedience to the apparent coarse of the snn and moon, yet, on 
entering the troughs of the Indian and Atlantic Oceans, it is com- 
pelled to assume a northerly course in accordance with the con- 
figuration of these seas. Thus, the new or full moon high-water 
tm&t passes Van Diemen*s Land every morning at twelve, takes 
twelve hours to reach Ceylon, and thirteen to reach the Cape of 
Good Hope ; in another twelve hours it has passed up the Atlan- 
tic, and arrived at Newfoundland ; at the end of the third twelve 
it has rounded the north of Scotland, and is opposite to Aber- 
deen ; at the fourth twelve, or at midnight of the second day, it 
is opposite the mouth of the Thames ; and it ia '' not till the 
morning of the third day that this wave fills the channel of the 
Thames, and wafts the merchandise of the world to the quays of 
the port of London/* (See Map of Co-tidal Lines.) 

96. The tides, we have said, may be regarded as taking their 
rise in the uninterrupted expanse of the Southern Ocean. As 
the wave proceeds westward, it is deflected northward broadly 
into the Indian Ocean, rapidly and deeply into the larger channel 
of the Atlantic, and slowly and feebly into the Pacific, where its 
course is obstructed by numerous islands and coral-reefe. The 
velocity of the tidal wave depends primarily on the conforma- 
tion and depth of the ocean — ^proceeding with the greatest rapi- 
dity where the ocean is freest and deepest. As the co-tidal lines 
are laid down at hourly distances, they afford a pretty coiTCCt esti- 
mate of the tidal velocity — the wider the lines (that is, the greater 
the distance travelled over in one hour) the greater the speed, 
and the closer the lines the slower the rate of progress. In the 
free depths of the Southern Ocean, this velocity may equal 1000 
miles per hour, while in restricted seas like the North Sea 
the rate is scarcely a twentieth of that amount. As the tidal 
wave differs from a wind-wave in not being a more undulation, 
but a wave of translation, its height in any sea will depend 
mainly on the configuration of the shore, the form of bottom, and 
the direction in which it is propelled. In the open expanse of 
the Southern Ocean, the tidal wave rarely exceeds five or six 
feet, and in the Indian and Atlantic Oceans, perhaps eight or ten ; 
but in bays and gulfs opening broadly to its course, and narrow- 
ing towards their interior recesses (such as the Bay of Bengal, 
our own Bristol Channel, and the American Bay of Fundy), it 
may rise to 20, 30, or, under favourable circumstances, even to 50 
or 60 feet in height. And where such seas terminate in river- 
estuaries, the wave, still converging, forms a high head or wall of 
water, termed a Bore^ which ascends the river with sudden and 
destructive impetuosity. Such are the tidal bores of the Tsien- 
tang, which are said to extend across the river 30 feet high, and 
ascend with a velocity of 25 miles per hour, of the Hooghly 20 
and 25 feet high, of the Garonne 10 and 12 feet, the Severn 9 
feet, the Amazon 12 and 13 feet, and other rivers whose gradu- 
ally narrowing estuaries are exposed to the concentrated incidence 
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of the tidal wave. On the other hand, inland seas and gulfs, 
whose openings are narrow, and lie transversely to the course of 
the tidal wave (as the Mediterranean and Baltic), experience little 
or no rise, and are next to tideless. Not only is the primary 
wave that sets up the Atlantic excluded from such seas, but their 
own ai'eas are too limited to admit of the formation of any per- 
ceptible tide-wave of their own, and thus, for all practical pur- 
poses, strictly inland seas and lakes may be considered as tideless. 

97. Unlike an ordinary wind-wave whose undulations are im- 
perceptible at the depth of 1000 or 1200 feet, and unable to dis- 
turb from its repose the smallest grain of sand, the progressive 
motion of the tide- wave a£Fects the whole mass of waters from 
the surface down to their greatest depths. The mechanical effects 
of the wind-waves are felt chiefly along the shore-line in their 
battering, wearing, and abrading action ; the tide- waves, on the 
other hand, act more like currents, which, in their ebb and flow, 
are ever transferring, arranging, and re-assorting the sediments 
of the ocean. The wind- wave may be stilled, and the surface of 
the ocean be as smooth as a mirror ; while it is driven from one 
coast it impinges on another ; or the wave from one direction 
may counteract that from another : but the ebb and flow of the 
tidal wave is regular and incessant, and in its direction, time, 
height, velocity, and power, will continue the same while sea and 
land remain undisturbed in their present relations. 

98. We now proceed to what are termed the Currents of 
the ocean — movements which, like great rivers, are ever trans^ 
ferring the waters from one region to another. They form, in 
fact, the circulatory medium by which the ocean is maintained in 
a state of equilibrium, and depend primarily upon the unequal 
temperatures and densities of different zones of the ocean and 
the unequal evaporation sustained by these zones, and second- 
arily upon the rotation of the earth, which modifies the directions 
imparted by these primary causes. Wherever we have waters of 
different temperatures, or, what is the same thing, of different 
densities, there the lighter will ascend and the heavier descend ; 
and wherever a deficiency takes place through evaporation, there 
the waters will flow in from the adjacent parts to make up the 
deficiency. But difference of density may also arise from differ- 
ent degrees of saltness, and wherever the Salter water subsides 
and flows off as an under-current to some fresher region, there at 
the same time will the fresher and lighter flow in from above to 
restore the equilibrium. Understanding these facts, and bearing 
in mind that the continuity of the ocean is interrupted by con- 
tinents and islands, reefs and shoals, and further disturbed by 
winds and tides, it will readily be seen why its currents should 
assume different characters and courses. In fact, the currents 
and counter-currents of the ocean are extremely complicated, 
and though the courses and causes of some of the main streams 
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are intelligible enough, there remains very much to be done in 
this department of Hydrography. 

99. It is nsoal to arrange the ascertained cnrrents into con- 
stant, periodical^ and variable — the constant being those arising 
from the combined inflaenoes of nneqoaL temperatures and densi- 
ties in the waters of the ocean, the rotation of the earth, and the 
trade-winds ; the periodical by the tides, the monsoons, and the 
sea and land breezes in tropical countries ; and the variable, such 
as may be produced by local peculiarities in the tides and winds, 
the melting of ice in polar regions, and other similar causes. It 
is abo customary to speak of drift-currents and deep-sea currents 
— the former due to the long-continued agency of the wind, and 
only affecting the waters to a trifling depth, the latter arising 
from the great primary causes of temperature and density above 
alluded to, and extending their influence hundreds of fiithoms 
beneath the surface. In like manner, it may be useful to note 
the distinction between a marine, or upper current, and a sub- 
marine, or under-current ; between a current flowing one way 
and a counter-current coming from an opposite direction ; and 
between the mode of naming winds and water-currents — the for- 
mer being named after the direction /rom which they blow, as a 
" west wind," that is, one blowing from the west, and the latter 
after the direction to which they are flowing, as an *' easterly 
current," that is, one flowing towards the east. 

100. The constant and deep-sea currents being the more impor- 
tant, it is to these and these alone that we would here direct at- 
tention. As already mentioned, the heat of the torrid zone 
diminishes the specific gravity of the equatorial waters, and occar 
sions a greater evaporation there than in any other region, and 
as a consequence, the waters of the polar regions, being heavier, 
set in as an under-current towards the equator to restore the 
equilibrium. Here then we have two great primary currents 
setting in from north and south respectively ; but as they pro- 
ceed towards the equator they come stage by stage into latitudes 
where the earth's circumference rotates with greater velocity, 
and as they cannot at once partake of this increased momentum, 
they fall behind, as it were, and gradually assume a westerly 
course, in which their velocity is augmented by the influence of 
the trade- winds. They become, in fact, a combined equatorial 
current, where, growing warmer and warmer, they ascend to the 
surface, and are partly evaporated and partly flow over in warmer 
and lighter surface currents northwards and southwards to either 
pole, again to become colder and again to find their way to the 
equator in incessant circulation. From these four primary flows 
— the two from the poles towards the equator and the two from 
the equator towards the poles — arises the great circulatory system 
of the ocean, which is modified and broken up into a number of 
minor currents by configuration of coast, form of bottom, unequal 
reception of heat by different areas, the influx of rivers, and other 
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kindred causes. These various currents, having different direc- 
tions, volumes, velocities, and temperatures, will be better under- 
stood, perhaps, by being arranged under the three great oceans — 
Atlantic, Indian, and Pacific — in which they respectively occur. 

101. The principal and better known currents of the Atlantic 
are the Equatorial, the Guiana, the Brazil, the Gulf Stream, the 
Guinea, and the Arctic. Besides these, there are some minor 
drifts and branches, the courses of which will be better under- 
stood by reference to the map (p. 98) than by any amount of 
description. The EqvxUorialj as the name implies, manifests 
itself chiefly in the region of the equator, and flows across the 
ocean from the African towards the American continent. When 
more than half-way across it shows a tendency to bifurcate 
into a north-west branch and a south-west branch, and this ten- 
dency increases till within 300 or 400 miles of Cape St Boque, 
when it fairly divides — sending one main stream northwards by 
the coasts of Guiana into the Caribbean Sea ; and another, some- 
what feebler, southwards along the shores of Brazil. The length 
of the Equatorial current, from the coasts of Africa to the Carib- 
bean Sea, is about 4000 miles \ its breadth at its commencement 
160, and where it divides 450 miles ; its velocity is from 20 to 
60 miles a-day ; and its average temperature about 75° Fahr., 
or from 4° to 6° under that of the ocean through which it 
flows. Its southern, or Brazil branch, flows at a distance of 
about 250 miles from the coast (the intermediate space being 
occupied by variable currents), and at the rate of 25 miles per 
day ; a rate, however, that is sensibly diminished by the cross 
stream from the Plata, and which gradually declines till the 
current ultimately dies away in the Strait of Magellan. The 
north-west branch of the Equatorial, spreading out as it pro- 
ceeds and gradually diminishing in speed, ultimately merges 
into the drift of the north-east trade- winds ; while the Guiana 
section proceeds unimpeded to make the circuit of the Caribbean 
Sea and the Gulf of Mexico. 

102. As they make the circuit of the Caribbean Sea and the 
Gulf of Mexico, these western branches of the Equatorial cur- 
rent acquire more heat, a greater degree of saltness, and that 
intense blue colour so characteristic of briny waters. With these 
new acquisitions they leave the Mexican Gulf, and, pressing 
through the narrow channel of Florida, become the celebrated 
Gulf Stream — of all the Atlantic currents the most wonderful 
in its character and the most important in its results. Doubling 
the Cape of Florida, this Gulf Stream (that is, stream from the 
Gulf of Mexico) flows north-east in a line almost parallel to the 
American coast ; touches the southern borders of the banks of 
Newfoundland ; and thence, with increasing width and diffusion, 
proceeds across the Atlantic, till, in the region of the Azores, it 
spreads out into two great branches — one curving southwards 
towards the equator, and the other flowing northwards, imping- 
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ing in its course against the western coasts of Europe, and 
ultimately losing itself in the waters of the Arctic Ocean. The 
length of this great ocean-river from its commencement to the 
Azores is 3000 miles, and its greatest breadth about 120 miles. 
When it leaves the Strait of Florida its velocity is about 4 miles 
an hour ; off Cape Hatteras, in North Carolina, it is reduced to 
3 miles ; on the Newfoundland banks it is further reduced to 
1^ miles ; and this gradual abatement of force continues with its 
diffusion across the Atlantic. A similar decrease takes place in 
its temperature, the maximum of which in the Strait of Florida 
is 86°, or 9° above that of the ocean in the same latitude. Off 
Newfoundland, in winter, it is said to be from 25° to 30° above 
the water through which it flows ; in mid-ocean, from 8° to 10° ; 
nor is the heat wholly lost when it impinges against the shores 
of Western Europe. The Gulf Stream is thus, in reality, a great 
thermal ocean-river, incessantly flowing from warmer to colder 
regions, diffusing warmth and moisture along its course, and tem- 
pering the climates of countries that lie within its influence. 
Compressed, as it were, at its commencement between two areas 
of colder water, its deep-blue warm current rises in convexity 
above the surrounding ocean ; but as it proceeds it cools, becomes 
diffused, assumes the ordinary level, and partakes of the greener 
hue of northern waters. It sets a limit to the sonthwa^ flow 
and chilling influences of the Arctic iceberg, that melts away 
in its warm stream, and becomes at the same time the ^reat 
natural barrier between the Life of the Northern and Southern 
Atlantic. 

103. The Equatorial current, flowing westward from Africa to 
the Gulf of Mexico, and the Gulf Stream, flowing from that 
gulf eastward to the Azores, and thence curving southwards, 
produce a great whirl, as it were, in the Atlantic, in the centre 
of which there is the still water of the Sargasso^ or Grassy 
Sea, This area, so called from the vast accumulation of the 
Sargassum {Ftiens) natans, and other floating sea- weeds, swarms 
with a Life, vegetable and animal, peculiarly its own, and pre- 
sents one of the most remarkable features in the geography of 
the Atlantic. — Following the southward flow from the Azores, 
and the south-easterly flow from the south coast of Ireland, 
against which a minor current {RenneVs) from the Bay of Biscay 
impinges and recoils, there arises a new and increased stream, 
which holds onwards to the African continent. Of this current, 
the eastern portion sets in through the Strait of Gibraltar to 
the Mediterranean, while the western trends southward, and 
becomes the North-African and Guinea Curi^ent This stream, 
from 160 to 180 miles broad, hugs closely the coast, and for a 
long part of its course flows in contact with, but counter to, the 
equatorial current, with whose waters it is supposed ultimately 
to mingle in the South Atlantic. 

104 The next and last great current of the Atlantic to which 
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oar limits will permit us to advert, is the Arctic^ or main cold- 
water stream from the north. Setting strongly down the east- 
em coast of Greenland, it partly doubles Cape Farewell, where, 
augmented by the Davis Strait Current, it holds southward to 
Newfoundland. Ariving at Newfoundland, it sends a branch 
through the Strait of Belle Isle to the St Lawrence, while the 
main portion continues its course till it meets the Gulf Stream. 
Here it divides, one portion flowing southward to the Caribbean 
Sea, which it enters as an under current ; the other, flowing 
south-west, forms the United States Counter-current "The 
Arctic Current thus replaces the warm water sent through the 
Gulf Stream, and modifies the climate of Central America and 
the Gulf of Mexico, which, but for this beautiful and benign 
system of aqueous circulation, would be one of the hottest and 
most pestilential in the world." 

105. In the more limited and land-locked area of the Indian 
Ocean, the constant currents are few, and the periodical munerous 
and important. The Equatorial is less defined than in the 
Atlantic, and consists of a westward tendency of the tropical 
waters towards the coasts of Africa, where, divided by the large 
island of Madagascar, one bi'anch sets down with consideraMe 
force, and forms the Mozambique Currervt, while another, broader 
but feebler, trends southward, again to be united with that from 
the Mozambioue Channel. The combined stream, now from 90 
to 100 miles broad, with a temperature 7° or 8° above that of 
the ocean, and with a velocity of 60 or 80 miles a-day, sets in 
towards the Cape of Good Hope, and constitutes the Agulhas or 
Cape Current. Of this current, one main branch, doubling the 
Cape, flows northward into the Atlantic as far as St Helena ; 
where, meeting the Guinea Current, it is deflected westward, 
and merges into the Equatorial of that ocean ; whereas another 
portion, obstructed by the Agulhas bank, is turned back, and, 
combining with the connecting flow from the Southern Ocean, 
constitutes the important Counter Current of the Indian Ocean. 
We say " important " counter current, for it flows along the 
direct route to Australia, and with a velocity (after leaving the 
Agulhas bank) of nearly 50 miles a-day — & motion which, though 
gradually declining, is still sensibly felt at more than midway 
between the Cape and Tasmania. North of the equator, the 
currents and surface-drifts of the Indian Ocean are regulated by 
the monsoons, and vary, of course, with the seasons ; while in the 
Bed Sea, Arabian Sea, Persian Gulf, and Bay of Bengal, they 
set in and ouf with the local winds, and often change in a very 
complicated and capricious manner. 

106. The currents of the Pacific are co-extensive with its greater 
area, but are less decided in their courses in consequence of the 
numerous obstructions presented by its reefe and islands. They 
are altogether less known than those of the Atlantic and Indian 
oceans, and their investigation is greatly complicated by the fire- 
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qnency of oonnter-cnrrents, surface-drifts, and local gyrations. 
Being all but excluded from the Arctic Ocean, it is to the creat 
interchange between the cold waters of the Antarctic and the 
warmer waters of the equator that we must look for the primary 
impulse of its currents. Beginning with the Antarctic, to which 
it opens broadly, we have first the Drift Current of that ocean 
setting in towards the north-north-east, then north-east, and 
lastly towards the east-north-east till it nears the coasts of Chili, 
where it divides — sending one branch south along the coast to 
form the Cape Horn Current^ and another northwards to form 
the Peruvian Current, so remarkable for its cold stream along 
a coast of torrid temperature. This Peruvian, Chili, or '' Hum- 
boldt's Current" (as it is sometimes called after its first investi- 
gator), has a temperature along more than 400 miles of its course 
12** or 14" below that of the surrounding atmosphere, and 8" or 
10"* below that of the ocean through which it flows. As it holds 
on to the north it gradually becomes warmer and inclines to the 
west, till in 20 degrees south latitude it turns fairly to the west- 
ward and merges into the great Equatorial Current of the 
Pacific. This vast current, occupying the entire torrid zone, and 
aided in its westerly flow by the trade- winds and the tidal wave, 
sweeps boldly across from South America on the one hand to the 
Indian Archipelago on the other. As it proceeds, it sends off a 
few minor streams to the north and south, which become counter^ 
currents, but the main mass holds onward to the Indian Islands, 
where it is broken up into several sections, and becomes farther 
complicated by the monsoon drifts of that region. One main 
portion, however, sets southward with its warm waters along the 
coasts of Australia under the name of the New South Wales 
Current, and enters the Antarctic Ocean ; while another, still 
more decided, trends northward of the Philippine Islands, and 
becomes the well-known Japan Current. This last current^ like 
the Gulf Stream of the Atlantic, which it greatly resembles in its 
course and character, carries the warm waters of the equator to 
the Northern Pacific ; but having but a partial opening into the 
Arctic Sea by Behring Strait, it sweeps round the Aleutian 
Isles and shores of Bussian America, and returns again, with 
diminished temperature, to the torrid zone. As it' proceeds 
alonff the shores of Oregon and California it begins to bifurcate, 
one branch trending westward into the ocean and another hold- 
ing still southward and merging into the waters of the Mexican 
Current, This current, which flows along the coasts of Mexico 
and Central America, is an alternating rather than a constant 
one — depending on the monsoons of these coasts, and setting 
south-eastward during winter and north-eastward during the 
opposite half of the year. Besides the preceding, other minor 
currents have been noticed in the Pacific, as uie Carolinian 
Monsoon Current — an alternating flow depending on the influ- 
ence of the Indian and Chinese monsoons ; the Okkotsk Current 



102 OCEANS AND SEAS. 

— an easterly set of the waters of that sea, arising from the south- 
east and easterly winds that prevail there during the summer ; 
the North Equatorial Counter-Current; and Mentor^ 8 (after the 
Prussian surveying vessel of that name) or the South Uquatorial 
Counter-Current These, however, and others of less note, are 
but partially known ; the numerous islands and reefs of the 
Pacific not onlv interrupting the regulai* flow of the major cui^ 
rents, but rendering the minor ones more complicated and less 
decided in their directions. 

107. Such are the principal constant currents of the ocean — the 
periodical and variable being too multifarious and local for the 
limits of a general outline. In whatever character they appear, 
these currents are all-essential to the equilibrium and uniformity 
of the ocean. Excessive evaporation in the torrid zone is in- 
stantly counterbalanced by an influx from the temperate and 
frigid. The heated waters of the equator are modified by the 
colder currents from the poles ; while the warmer and lighter 
waters of the equator flow over to temper the rigours of the polar 
seas. The Salter and denser water of one area subsides and flows 
off as an under-current to some fresher region ; while the fresher 
and lighter flows in from above to supply the deficiency. The 
heavier ever descends and the lighter ascends ; and thus, verti- 
cally as well as horizontally, an mcessant circulatory and equal- 
ising system is established throughout the expanses of the ocean. 
The colder ever flowing to the warmer and the warmer to the 
colder, their influence also extends to that of the lands against 
which they impinge, and thus additional warmth and moisture 
is borne to one country and refreshing coolness to another. Cli- 
mate, and consequently terrestrial life, vegetable and animal, are 
modified by these currents ; and in all likelihood they play 
equally important parts in the distribution and arrangement 
ot the life of the ocean. Some coursing in shallow streams, and 
others pressing forward as deep and impetuous rivers, they must 
exercise considerable influence in transporting and assorting the 
sediments and debris of the ocean — here laying down long belts 
of uniform sediment, and there ploughing out deeper troughs 
and valleys — here arresting the progress of icebergs, that drop 
their burden of boulders and gravel on one zone, and there foster- 
ing the ffrowth of animalcules and zoophytes (foraminifera, 
corals, &c!;, that drop their exuviae and rear their structures in 
another zone equally definite and restricted. Besides these 
great natural functions they often subserve the purposes of navi- 
gation and commerce ; and though the steam-ship has rendered 
the mariner less dependent on winds and tides and currents, he 
still skilfully seeks to avail himself of the favouring stream of 
one current and to avoid the opposing influence of another. 
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EECAPITULATION. 

In the preceding chapter attention has been directed to the 
main nataral divisions of the Ocean ; to the composition, density, 
depth, and temperature of their waters ; and to the waves, tides, 
and currents by which they are respectively traversed. The 
divisions of the ocean into Pacific, Atlantic, Indian, Arctic, and 
Antarctic areas, are sufiQicient for the ordinary purposes of de- 
scription, and the nomenclature of their various ramifications 
after some discoverer, position, adjacent country, colour, or other 
peculiarity, has been long established in general geography. 
Their further subdivision into zones, belts, regions, and the like, 
comes under the consideration of Climatology rather than of 
Hydrography ; and the technicalities (bays, gulfs, straits, creeks, 
&C.), by which their minor sections are distinguished, have been 
already noticed in par. 37. Their dimensions are matters merely 
of measurement and calculation ; their composition, depth, tem- 
perature, and the like, are subjects for experiment and observa- 
tion. Occupying different positions on th^ earth's surface, and 
having different configurations, the oceans and seas, properly so 
called, are necessarily characterised by different physical and 
vital conditions. The Pacific, almost shut out from the influ- 
ences of the Arctic Ocean, is in a different condition from the 
Atlantic, which communicates freely with the north ; while the 
Indian Ocean, encircled on three sides by land, and lying largely 
in the torrid zone, presents external conditions differing widely 
from either. All three open broadly to the great Southern 
Ocean from which they receive the primary impulse of their 
tides and currents ; but while the Indian and Atlantic are deep 
and free, the Pacific is largely obstructed by reefs and islands. 
It should also be borne in mind that the main oceans, like the 
great continents, lie meridionally or at right angles to the equa- 
tor, and are thus prevented, by the intervention of the land, 
from receiving in their winds, tides, and currents, the normal 
effect of the earth's daily rotation. Though differing slightly 
in different areas, the composition of sea-water is, on the whole, 
very equable, and 3^ per cent of saline ingredients may be set 
down as the general average. Along the courses of the trade- 
winds, in circumscribed seas, and other similar areas subjected 
to active evaporation, this percentage may be slightly increased ; 
while in others it may be correspondingly decreased by periodical 
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rain-falls, by the melting of polar ice, or by the influx of large 
and rapid rivers. The average density of sea-water, as compared 
with pure water at 62° Fahr., is 1.0275, and this density, cori*e- 
sponding as it does with an average saltness of 3^ per cent, will 
decrease where the water is fresher and increase where it becomes 
Salter than the general average. This saltness and density ren- 
ders the ocean less vaporisable than fresh water, and also keeps 
it longer from freezing — the freezing point of fresh water being 
32° Fahr., while that of sea-water is 28^°. This composition is 
all-essential to the wants of its plants and animals, and though 
the rivers are incessantly carrying in fresh accessions of saline 
matter, the equilibrium is ever maintained by these wants as 
well as by the chemical interchanges that take place among its 
sedimentis. The average depth of the ocean is estimated at 4 
miles, and reliable soundings have been taken at nearly 5 miles ; 
but, as a large portion is much under the general average, it is 
highly probable that some of its recesses may sink to the depth 
of 8 or 10 miles. So far as we know, the ocean bed has its deeps 
and shoals, its pits and precipices, its troughs and ridges, very 
much like the surface of the djry land. In fjaict, it is but the sub- 
merged surface of former lands ; and no better conception can be 
formed of its irregularities than by standing on some lofty 
mountain, and supposing the hills and valleys, the glens and 
gorges, the plains and plateaux that lie beneath, to be covered 
with water. The surface-temperature of the ocean varies of 
course with the latitude, being highest at the equator, and 
gradually decreasing towards either pole. In the torrid zone 
temperatures varying from 78° to 88° have been noted, and from 
these maxima it declines, stage by stage, to the perpetual ice of 
the polar regions. The mean temperature has been ascertained 
to be 39^° Fahr., or nearly that of water at its maximum density ; 
and between the 56th and 57th parallels (S. lat.) this tempera- 
ture has been found to be uniform from the surface to the great- 
est depths. Towards the poles, however, the surface becomes 
colder, and the mean of 39^° in the 70th parallel is not found till 
at the depth of 750 &thoms ; while towards the equator the sur- 
face grows warmer, and the mean of 39^° is not reached till at 
the depth of 1200 fathoms. The motions to which the waters of 
the ocean are generally subjected are waves, tides, and currents. 
Waves are produced by the friction and impact of the winds, and 
occasionally by earthquake commotions. Wind-waves vary from 
a mere ripple of the surface to billows 10, 20, 30, and 40 feet in 
height ; earthquake-waves have been known to rise higher, and, 
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rolling in with greater impetus, they are more destructive. Tides 
are produced hy the attraction of the moon and sun acting on 
the mobile waters of the ocean. In consequence of the earth's 
rotation there are two tides a-day ; and owing to the moon's re- 
volution, and her position as regards the sun, there are two spring- 
tides and two neap-tides a-month. The moon being the nearer 
luminary, her attraction or tide- wave compared with that of the 
sun is as 100 to 38 ; and from this cause also the difference be- 
tween spring-tide and neap-tide in any locality is as 7 to 3. The 
currents of the ocean depend chiefly upon the unequal tempera- 
tures and densities of its different regions — the colder and warmer, 
the denser and lighter, the salter and fresher, incessantly tending 
to interchange and equilibrium. These currents are either con- 
stant, periodical, or variable — the constant depending on the 
primary and established relations of the earth ; the periodical on 
monsoons, tides, and sea and land breezes which occur in certain 
seas at stated seasons ; and the variable on local winds, melting 
of ice, river floods, and other similar contingencies. 



IX. 



THE WATEB — ^ITS EIVEBS AND LAKES. 

108. Having directed attention to the Water, as manifested in 
the larger expanses of oceans and seas, we now turn to its minor 
exhibitions in springs and streams, rivers and river-systems, lakes 
and lacustrine areas. In the former instance the waters were 
truly oceanic, and characterised by their saltness; in the present 
instance they are more terrestrial, if we may so speak, and 
characterised, for the most part, by their freshness. They be- 
long, however, to the same great aquatic system. The vapour 
elaborated from the ocean ascends invisibly and diffuses itself 
through the atmosphere, where, subjected to colder currents, it 
is condensed, and becomes visible in clouds, mists, and fogs. Ee- 
ceiving further condensation through greater cold or electrical 
agency, it returns again to the earth in the form of dew, rain, 
hail, sleet, and snow. When in the atmosphere water belongs to 
the domain of Meteorology ; when it returns to the earth it comes 
once more within the province of the Hydrographer, who tracks 
it in spring, stream, and river, to the ocean. The circulation of 
water is incessant : now in the ocean, now in the atmosphere, 
now in the tissues of plants and animals, now in the crust of the 
earth, now coursing its surface, and anon in the ocean— again to 
repeat the same circuit, and this without intermission while the 
present relations of the universe endure. 



Springs and Streams. 

109. The water that falls on the surface of the land is partly 
and mainly carried off in runnels, partly supplies the wants of 
plants and animals, and partly sinks into the soil and rocky 
ftti*ata. Percolating the rocks, it collects in chinks, fissures, and 
other cavities, or, meeting in with some impervious bed, it accu- 
mulates in the porous strata above, and there forms extensive 
sheets of subterranean water. In virtue of the great law of 
gravity, water is ever tcDding to lower levels, and thus what 
gathers in the higher portions of the crust finds its way, in pro- 
cess of time, through rents and crevices, and springing forth 



SPRINGS AND STBEAMS. 107 

holds on its course to the valleys below. Where there are do 
impervious beds in the higher lands to intercept its downward 
tendency, it often percolates to vast depths, and far below the 
surface of the adjacent valleys ; but sooner or later it is arrested 
by some obstructing stratum, and there, in obedience to hydro- 
static pressure, it bursts forth through the nearest outlet, and 
rises to the surface with a force proportionate to the height and 
volume of the accumulated waters. In whatever manner water 
may accumulate within the crusty or find its way again to the 
surface, the outlets are known as springs; and these springs occur 
in all countries and at all levels — some issuing with force even 
from the bed of the ocean. It is usual to spesdic of them as surface 
springs and deep springs, as perennial, intermittent, hot, cold, 
minenil, and the like — characteristics, the consideration of which 
belongs more, perhaps, to Geology than to Physical Geography. 

110. It may be noticed, however, that surface springs are those 
which issue from superficial beds of sand, gravel, and the like, 
and being immediately dependent for their supplies on the amount 
of rainfall, are often very feeble or altogether dry in summer, 
though gushing forth copiously during winter. Deep-seated 
springs, on the other hand, uninfluenced by summer droughts or 
winter rains, flow steadily at all times — ^though, generally speak- 
ing, the great majority of springs are more or less affected by 
the seasons. Perennial springs, as the name implies, are those 
that flow year after year without signs of abatement. They 
are evidently deep-seated, and many that were celebrated by the 
ancients gush copiously now as they did thousands of years ago. 
Intermittent, on the other hand, are those that well forth at one 
period, and at another stop suddenly, and seemingly in a capri- 
cious manner. They are no doubt connected with subterranean 
reservoirs, whose waters alternately sink beneath and rise above 
their outlets ; and this may be occasioned by sudden droughts 
and rainfalls, by the expansion and escape of steam and gases, by 
the ebb and flow of tides, and other kindred causes. Surface 
springs generally vary in temperature with the seasons : deep- 
seated ones, being beyond these influences, are equable at iJl 
times. It was stated' in par. 16 that the earth's crust, at the 
depth of 80 or 90 feet, is unaffected by summer's heat or winter's 
cold ; but that below this depth the temperature went on in- 
creasing at the rate of 1° Fahr. for every 50 or 60 feet of de- 
scent. Springs whose sources are above this invariable stratum 
will therefore fluctuate in temperature according to the season 
of the year ; those that ascend from beneath it will gradually 
increase in heat — ^the deeper being the hotter. Cola springs 
generally flow from chilled mountain sources ; hot springs^ on 
the other hand, arise either from vast depths, or are situated in 
the neighbourhood of volcanic action. Thermal and hot springs 
(hot even beyond the boiling point of water, and accompanied by 
violent jets of steam) occur abundantly, and on a gigantic scale, 
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in Iceland, the Azores, Central Asia, New Zealand, the Andes^ 
and other volcanic regions ; they occur also in Britain, the Py- 
renees, Grermany, Austria, and other countries far removed from 
any centre of volcanic activity. Like ordinary springs, hot 
springs are either perennial or intermittent — perennial, like 
those of southern ijft'ance and the Pyrenees, that have flowed 
without abatement since the time of the Bomans ; and intermit- 
tent, like the Geysers (" roarers '*) of Iceland and New Zealand. 

111. The waters that percolate the earth being of diflferent tem- 
peratures, and often containing carbonic acid and other gases, act 
chemically, less or more, on the rocks through which they pass. 
In this way they become mineral springs — that is, hold in solu- 
tion various mineral ingredients, which are either deposited along 
their courses on land, or borne onward to the ocean. Some, for ex- 
ample, are saline, or contain salt ; some chalybeate, or contain 
iron {chalybs, iron) ; some siliceous, or contain flint {silex) ; some 
calcareous, or contain lime (calx) ; while others give off sulphur- 
ous vapours, or are impregnated with the salts of various minerals 
and metals. Such are the sulphuretted waters of Harrogate, the 
brine springs of Cheshire, the borax springs of Tuscany, the tra- 
vertine or lime-depositing waters of the Anio, the siliceous hot 
springs of Iceland and the Azores, and thousands of others that 
occur in almost every country. To the same category also belong 
escapes of steam, hot mud, and the like, so frequent in volcanic 
districts; and in the same way may be ranked discharges of 
gases, naphtha, petroleum, and so forth, which generally come to 
the surface in connection with water, and are seemingly depend- 
ent on its percolating and hydrostatic power. 

112. Insignificant as springs may individually appear, they per- 
form in the aggregate most important functions in the economy 
of nature. If the waters, as they fall from the atmosphere, were 
immediately caiTied off by surface runnels, the earth would at 
one time be flooded, and at another parched by destructive 
droughts. Sinking, however, into the soil, and diffused through 
its mass by capillary attraction, percolating the crust, and accu- 
mulating in its fissures and porous strata, this water is stored up, 
as it were, for future use, and given out by springs in moderate 
and continuous supplies. These springs are the great vivifiers of 
external nature, supplying one of the main wants of animal life, 
and clothing even the desert around them with verdure and blos- 
som. They are also the fountainheads of our streams and rivers, 
whose channels, but for this incessant discharge from the earth, 
would often be reduced to a mere succession of stagnant pools, 
instead of flowing, as they now do, with never-failing currents. 
Ever silently seeking their way down through the rocky strata, 
these springs dissolve some minute portion, and carry it to the 
ocean, there to compensate for the abstraction of mineral ingre- 
dients by the plants and animals that inhabit its waters. Act- 
ing chemically, this internal permeation of water is evidently 



SPHING8 AND STREAMS. 109 

connected with the formation of mineral crystals and metalliferous 
veins, and also with that greater metamorphism of rock-masses 
by which strata of one nature are in process of time converted 
into strata of another and very different nature. 

113. Streams^ as explained in par. 38, are formed by the union 
of several springs, and bv the union of one stream with another, 
till, increasing in breadth and volume, they assume the character 
of rivers. When mainly dependent on springs (though augmented 
by rainfalls), they are said to be permanent ; but when arising 
solely from rain&lls, melting of snow, and the like, they are 
t&mporary^ and often of short duration. Permanent streams are 
usually distinguished, according to their dimensions, as rilU^ 
streamlets, brooks, rivulets, &c. (each country having its own 
expressive term for such distinctions), and their currents form 
ravines, glens, gorges, valleys, and other descriptive excavations. 
Temporary streams, on the other hand, are little noticed save in 
regions subjected to periodical rains, their dry courses being 
known as nullahs in India, wadies in Arabia, creeks in Australia, 
and so on in other localities. Streams occur in all countries, but 
fewest and least, of course, in rainless latitudes. Their great 
headquarters are the slopes of mountain-chains and the outer 
margins of valleys, and there they impress on the country geo- 
graphical features and geological relations peculiarly their own. 
Coursing down the mountain-sides with headlong speed, they form 
ravines, gorges, and waterfalls — their excavating power depend- 
ing primarily upon their velocity ; and, secondarily, on the nature 
of the materials to be eroded. The aggregate amount of debris 
brought down by streams and torrents is enormous ; and one has 
only to cast his eye over some lofty mountain-slope to see how 
deeply it is scarred and seamed and furrowed by these restless 
and resistless agencies. In fact, the great diversity of mountain 
scenery depends on this erosive power of water — {lU the hills and 
highlands depending less for their present outlines on the igne- 
ous forces by which they were upheaved, than on the meteoric 
and aqueous agencies to which they have been subsequently 
subjected. 

114. Streams, like springs, subserve important purposes in the 
economy of nature. They constitute a great network of drainage 
for the land — carrying off superfluous moisture, and presenting 
its accumulations in bogs, swamps, and morasses. They are at 
once the carriers and distributors of water — dispensing in measur- 
ed supplies the heavy rainfalls, melting snow and ice of the high- 
lands, to the less rainy regions of the plains below. Geologically, 
they are incessant workers of change — here cutting out ravines, 
glens, and gorges — there filling up lakes with the eroded mate- 
rial ; here wearing deeper channels for the further drainage of 
swampy lowlands, and there assisting in that universal transport 
of sediments to the ocean, which is destined to become the strata 
of future lands. Man, too, ever early locates himself on their 



110 THE WATER. 

banks, employing their perennial supplies in the wants of his 
home, in the irrigation of his fields, or as a cheap and effective 
agent in the taming of his machinery. 



Bivera and Kiver-Systems. 

115. As streams are formed by the union of springs and minor 
runnels, so rivers are formed by the union of streams. In general 
they have their origin in some notable spring, lake, morass, or 
melting glacier, far up among the mountams. This infant cur- 
rent, augmented by the accession of other springs, becomes a 
main stream ; and this stream, by the influx of other aMuent or 
trUmtary streams, very soom assumes the dimensions ofa River. 
A river is thus said to have its head or source in some higher 
region ; to flow along a certain course ; to wear out for itself a 
hm or channel, whose margins form its banks; and ultimately to 
discharge its waters in some lake, sea, or estuary by a mouth or 
mouths. In other words, every river has a rise, Jtow^and fall, 
which form the essential features of its existence. Where the 
ground, in the ultimate part of a river-course, is low and level, 
the accumulating waters often discharge themselves by several 
branches, and form a delta (par. 68), as m the Nile, Ni^er, Indus, 
Granges, &c.; and such deltas maybe either marine, lacustrine, 
or fluviatile, according as the rivers flow into the sea, a lake, or 
another larger river. Where the tides and river-currents contend, 
there frequently accumulates across the entrance a spit of sand 
or gravel, known as a bar ; and these bars are serious impedi- 
ments to the navigation of some of the finest rivers. As all 
rivers flow from higher to lower levels, the terms up and doton 
have reference to this natural condition ; and as a spectator de- 
scends with thjB current, the riglU bank lies on his right hand, 
and the left bank on his left. When he ascends, however, this 
order is reversed — the ri^ht bank being then on his left hand^ 
and the left bank on his right. 

116. The whole extent of country drained by a river and its 
tributaries is spoken of as the Ixzsin of that river (basin of the 
Thames, basin of the Tay, &c.).; and this naturaUv, from the 
hollow or valley -shaped aspect which such districts usually 
assume. As streams unite to form rivers, so several river-basins 




even of the " basin of the Atlantic.*' As the great oceans form 
the ultimate receptacles for all the rivers (with one or two excep- 
tions), the river-basins that descend to any ocean constitute what 
is termed the river-system of that ocean ; and thus we have the 
Arctic System, the Atlantic System, the Pacific System, and the 
System of the Indian Ocean — together with the Aralo-Caspian 
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System and the minor basins of Utah, the Mexican table-land, 
and the plateau of Bolivia, whose streams are strictly continental, 
and connned to these areas. The line or ridge that separates 
one basin or system from another basin or system is termed the 
toatershed of these basins (or ufatersched, if we affect a Grerman 
derivation) — all the springs and streamlets " shedding or parting 
off," as if from the ridge of a house, to their respective areas. 
Though hills and mountains generally form the boundaries be- 
tween river-basins, it does not follow that watersheds should 
always consist of elevated ground — a few feet of fall being suf- 
ficient to determine the current in either direction. The low 
ridge that thus separates the streams of different basins is spoken 
of as a portage (Fr.), from the fact that goods and boats are fre^ 
quently carried across from one stream to another ; and thus, it 
may be, completing the passage of water from one side of a con- 
tinent to another. 

117. Such are the usual terms employed by geographers in treat- 
ing of rivers ; the characteristics of the rivers themselves — ^that 
is, their rise, course, length, volume, depth, velocity, capability of 
navigation, and the like— require more detailed consideration. 
As to their rise, it has been already stated that it generally takes 
place in some upland spring, lake, or morass, and not unfre- 
quently in the melting terminus of some descending glacier. 
Many of these springs, especially those issuing from chasms and 
isavems in limestone districts, are often of considerable magni- 
tude, being, in fact, fall-flowing streams when they make their 
appearance at the surfeuse. Mountain lakes, being the recipients 
of springs and other runnels, become in like manner copious 
sources — the streams that flow from them being already rivers 
in miniature. The same may be said of morasses and high 
swampy tracts, which, being saturated with springs and rain- 
fall, discharge at once regula^ and continuous streams. Glaciers 
and melting snows, though less frequent as sources, are import- 
ant regulators of supply in the regions where they occur — their 
waters flowing freest when the summer's heat has most dimin- 
ished the lowland streams. Whatever their origin — ^and it must 
be confessed that the exact sources of many of our larger rivers 
are unexplored and undetermined — their courses are primarily 
directed oy the general slopes of the continents. In the Old 
World, the great slopes being north and south, the principal 
rivers flow in these directions, just as in the New World their 
courses are easterly and westerly, in obedience to the relief of 
that continent. But while this is true, and necessarily so, as 
regards the main slopes, it should be borne in mind that there 
are many causes tending to modify the coui-ses and directions of 
rivers. Among these, for example, may be noted the strike of 
the secondary hills and spurs, which are usually at right angles 
to the main chains, the occurrence of lines of fracture in the 
crust, the passage f^om one formation to another whose strata 
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lie in a different direction, and the alternation of softer and 
harder beds — the current readily excavating its channel in the 
line of the former, but obstructed and turned aside in another 
direction by the latter. All these, and many other circumstances, 
concur to give streams and rivers very irregular courses — wind^^ 
ing and bending, turning and returning, but still guided in the 
main by the primary slope of the region. Ab to the length of 
their courses, that will depend primanly upon the extent of the 
region through which they flow — the hurger area giving scope to 
the longest river ; and, secondarily, upon the bendings and wind- 
ings to which they may be subjected. The direct distance 
between the source and outlet of a river may not exceed two hun- 
dred miles, and yet its absolute course, through all its doublings 
and windings — ^its development, as it is termed — may amount to 
a thousand. This absolute length gives no true idea, however, 
of the importance of a river, either in nature or to navigation — 
its value mainly depending on the permanence of its volume, its 
depth, and velocity. 

118. The volume, size, or magnitude of a river — that is, the 
quantity of water which its channel contains — depends on many 
collateral circumstances, but chiefly on the extent of country 
drained by its affluents. There may occasionally be some pecu> 
liarity of basin as regards rainfall, melting of snow, and the like ; 
but, generally speaking, the greater the area over which the 
tributaries ramify, the greater the quantity of water brought to 
the main trunk or channel. In temperate latitudes this volume 
is somewhat lessened in summer and increased in winter ; but 
on the whole the supply is pretty equable and permanent. Sud- 
den excesses, arising from heavy rainfalls, rapid melting of snow 
in spring, and the like, are merely temporary, producing what are 
termed^oo(Z8,^e«^^, and debacles. In tropi<»d countnes, on the 
other hand, where the rains fall and the snows melt only at stated 
seasons, these floods assume the character of regular and periodi- 
cal inundations. And where the rain falls in the low countries 
at one period, and the faroff mountain-snows melt at another, 
there may be two such inundations occurring with wonderful 
regularity both in time and amount of overflow. Again, where 
the sources of a river lie near the equator and its outlet in the 
temperate zone (as in the case of the Nile), a considerable time 
must elapse between the equatorial rainfall and the deltic inun- 
dation ; and the length of this lapse will depend partly on the 
windings of the river, and partly on the slope and freedom of 
the channel. In the preceding instances, whether subjected to 
irregular floods or periodical inundations, the river itself is al- 
ways more or less permanent; but in some regions, as Australia 
and South Africa, many of their so-called rivers are merely tem- 
porary, being roaring impetuous torrents during the rains, and 
a succession of stagnant pools and dry shingly reaches during 
the season of drought 
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119. The velocity of a river depends mainly on the slope or de- 
clivity down which it flows, partly on the nature of its channel, 
according as this may be straight or winding, deep and narrow, 
or wide and obstructed by rocks and shoals, and partly also on 
the amount or volume of its current. As all rivers descend from 
higher to lower regions, and many of them from very elevated 
sources, they may be said to have an upper, middle, and lower 
course — the upper being characterised by rapidity of stream 
through gorge and ^len and waterfall ; the midale by less velocity 
through rapids and cataracts ; and the lowei' by a quiet steady 
flow through level and alluvial plains. Other things being equal, 
the deeper the river, the more rapid the current — the greatest 
velocity being in the centre of the stream, and a little below the 
surface, where there is least retardation from friction on the 
sides and bottom of the channel. The velocity of rivers is an all- 
important consideration in their geographical, geological, and 
commercial relations. The more rapid their currents, the less 
the irrigating effect, and the greater the geological effect on the 
countries through which they flow ; and in proportion as their 
velocity increases, so their fitness for the purposes of navigation 
is diminished. Formerly a descent of more than 1 foot in 200 
was considered unnavigable ; and though the power of steam has 
enabled man to contend with higher velocities, it is still the 
velocity of current more than the depth of water that renders a 
river unavailable as a means of internal communication. Geo- 
logically, the cutting as well as transporting power of rivers is 
greatly aided by the rapidity of their currents ; hence the effect 
of mountain torrents compared with the quiet, sluggish flow of 
the lowland river. It has been calculated, for example, that a 
velocity of 3 inches per second will tear up flne clay, that 6 inches 
will lift fine sand, 8 inches sand as coarse as linseed, and 12 
inches fine gravel ; while it requires a velocity of 24 inches per 
second to roll along rounded pebbles an inch in diameter, and 36 
inches per second to sweep angular stones of the size of a hen's 
egg. During periodical rains and land-floods the currents of 
rivers often greatly exceed this velocity ; hence the tearing up 
of old deposits of gravel, the sweeping away of bridges, and the 
transport of blocks many tons in weight — an operation greatly 
facilitated by the circumstance that stones of ordinary specific 
gravity (from 2.5 to 2.8) lose more than a third of their weight 
when immersed in water. 

120. The depth of rivers is as various as the circumstances under 
which they occur, though, generally speaking, the greater the 
volume of water, the deeper the channel of excavation. In their 
upper and middle courses, the stream, being for the most part 
tnrough steep rocky excavations, is of no great depth ; but in the 
lower and slower portion the waters accumulate and deepen as 
they proceed. The (mUet^ or embouchure (Fr.), as it is frequently 
termed, depends altogether upon the conformation of the country. 
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Some rivers discharge themselves at once and by a single month 
into the ocean ; others into an estuary, and are consequently 
affected for a certain length by the flux and influx of the tides ; 
while others, again, creep sluggishly along, branchiae and bifur- 
cating through their swampy deltas, till they find their way 
into the sea by several main mouths. Seeing that the conditions of 
rivers are so exceedingly varied, their facilities for navigation will 
depend in each case on the nature of the outlet as accessible from 
sea and free from bars and banks, on depth and volume of water, 
and on the velocity of the current. Length of course and volume 
of current may be obstructed by rocks and shoals ; depth and 
volume maybe rendered unavailable by shallow bars and shifting 
sandbanks. 

121. It will be seen from what has been stated respecting the 
characteristics of rivers, that each has its own individuality, and 
that this individuality depends in the main on the geographical 
position, extent, and superficial configuration of its beusin. To 
give an account of these basins would be to describe in detail the 
rivers that traverse the surface of the globe — a subject which 
extends beyond our limits, and belongs more especially to hydro- 
graphy and general geography. All that our outline will permit 
is the arrangement of the basins into Ststems, and a notice of 
some of the more remarkable nvers that belong to each system. 
As all the affluent streams of a river belong to one basin, so all 
the river-basins that descend to the same ocean-basin — whether 
directly, as the Niger to the Atlantic, or intermediately throuch 
some inland sea, as the Nile to the Atlantic through the Medi- 
terranean — belong to the same river-system. In this way we 
have four great oceanic river-systems — the Arctic, Atlantic, 
Pacific, and Indian ; and one or two minor continental ones, as 
the Aralo-Oaspian, the Utah, the Mexican, and the Bolivian. To 
the main characteristics of these respective systems, and the lead- 
ing rivers that compose them, the attention of the student is 
now directed. 

122. The Arctic System, as the name implies, embraces those 
rivers which, obeying the northern slope of the Old and New 
World continents, discharge themselves into the basin of the 
Arctic Sea. Lying for the most part within the limit of con- 
stantly-frozen ground (see Atlas, Plate XII.), and flowing through 
notably level plains, there is a degree of sameness in the condi- 
tions of these waters which renders the Arctic more homogeneous 
in its character than any other river-system. ' For convenience, 
however, it may be divided into three sections — Asiatic, Euro- 
pean, and American — according as the rivers belong to these 
respective areas. 1. The Asiatic comprehends the great Siberian 
rivers — the Kolyma, Indigirka, Lena, Olenek, Yenesei, and Obi, 
which, rising in the Altai, Yablonoi, and Stanovoi mountains, 
receive numerous tributaries in the upper and middle stages of 
their course, wind slowly through the plains, and ultimately dis* 
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charge themselves by wide estuarial mouths into the Arctic Sea. 
The largest of these are the Lena, Yenesei, and Obi, which^ 
had they discharged themselves into temperate or tropical seas, 
would have taken rank with the noblest rivers on the globe. 
The Lena has a development or winding course of 2400 miles, 
receives several important tributaries (Yitim, Olekma, and 
Aldan), and is computed to drain an area of 594,000 square miles. 
It is a deep sluggish stream in the lower part of its course, and 
finds its way into the sea between high banks of frozen mud and 
sand, in which are imbedded the remains of mammoth, rhino- 
ceros, and other huge mammals, which in former ages (uf)per 
tertiary), and under different geographical conditions, inhabited 
the plains of Northern Asia. The Yeuesei is still larger, having 
a development of 2800 miles, and a basin of not less than 
784,000 square miles. It receives several large affluents — the 
Great and Little Kem, the Angara from Lake Baikal, and the 
Upper and Lower Tongouska, most of which, in their upper and 
middle stages, are impetuous torrents, inten*upted by rapids and 
cataracts. The Obi, or Irtish-Obi, as it may be termed, from the 
equal importance of its two main branches, is the most notable 
of these rivers, having a development by either branch of 
2400 miles, and a conjoint basin embracing nearly one- third of 
the entire area of Siberia. As already mentioned, the main 
affluent of the Obi is the Irtish, and the Irtish receives in turn 
the streams of the Tobol and Ishim. One leading characteristic 
of all the Siberian rivers is, that though rapid and sufficiently 
diversified in the upper stages of their courses, they become 
sluggish and monotonous on entering the low boggy plains. 
Frozen, like the ocean into which they enter, for many months 
of the year, they are unfit for navigation ; while, on the melting 
of the snows in their upper and more southerly sources, the 
swollen floods, finding an insufficient outlet by the level, ice-locked, 
and more northerly mouths, overspread the country in lakes and 
morasses, which render its surface still more dreary and inhos- 
pitable. 2. The European section of the Arctic river-system 
embraces the Petchora, which falls directly into the ocean, and 
the Mezen, Dwina, and Onega, which enter it indirectly through 
the White Sea. With the exception of the Dwina, on which 
Archangel is situated, and which drains an area of 106,000 square 
miles, none of these rivers are of much importance, being usually 
ice-locked from September to June, and otherwise flowing through 
a flat and uninviting region. 3. The American section comprises 
those streams and rivers which, obeying the northern slope of 
that continent, find their way through a labyrinth of lakes and 
swamps, and ultimately fall into the Arctic Sea. The more 
noticeable of these are the Great Fish, the Coppermine, the 
Mackenzie, and the Colville. Comparatively little is known of 
the sources and ramifications of these rivers, of which the 
Mackenzie is the largest and most important. This great river. 
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which drains an area of 441,000 square miles, is formed by the 
union of several streams that rise in the eastern slopes of the 
Bocky Mountains. The most important of these are the Atha* 
basca and Peace rivers, which, after passing through Lake Atha- 
basca, unite to form the Slave river ; and this, after entering 
the Slave Lake, reissues as the Mackenzie. Like the rivers of 
Siberia, those of Arctic North America flow through low frozen 
and inhospitable swamps, and enter the sea by wide mouths ; 
but, unlike those of Siberia, they are connected with a labyrinth 
of lakes, a feature peculiarly characteristic of the northern section 
of the American continent. 

123. The Atlantic System, as the name implies, embraces all 
those rivers that find their way directly or intermediately into 
the great basin of the Atlantic from the slopes of the adjacent 
continents. It necessarily arranges itself into four sections — 
the European, African, North American, and South American, 
according as the rivers descend from either of these continents. 
1. In the European section we have certain rivers that flow into 
the Atlantic directly, and others that enter it indirectly through 
the Baltic and Mediterranean. The chief of those flowing into 
it directly are the Elbe, Weser, and Bhine, from the western 
slopes of the Germanic plain ; the Seine, Loire, and Garonne 
from France ; and the Duero, Tagus, Guadiana, and Guadalquivir 
from the Spanish peninsula. The Bhine — ^the ** beautiful Bhine " 
of the Germans — springs from Alpine glaciers at an elevation of 
7660 feet, descends rapidly to Lake Constance (1250 feet), thence 
through the falls of Laufen to Basel (800 feet), and thence with a 
navigable course to the North Sea, which it enters by the 
largest of European deltas. The Bhine has thus a well-marked 
upper and lower course, a development of 600 miles, and a drain- 
age of 65,000 square miles ; the Loire an absolute course of 520 
miles, and a drainage of 33,000 square miles ; while the Tagus, 
the third in importance, has a length of 400 miles, and a drain- 
age of 21,000 square miles. The principal streams that discharge 
themselves through the intermediate basin of the Baltic are the 
Neva, Niemen, Vistula, and Oder — all more or less obeying a 
north-westerly slope, and, like their recipient, ice-locked for a 
considerable portion of the year. Of these the Vistula. has the 
greatest development and drainage — its length being 520 miles, 
and its basin 56,000 square miles. The waters that fall from the 
European side into the basin of the Mediterranean are — the Ebro 
and Bhoue into the main sea ; the Po into the Gulf of Venice ; 
and the Danube, Dneiper, Dneister, and Don into the Euxine Sea. 
The Bhone rises among the Alps at an elevation of 5500 feet, 
and, having an actual course of only 500 miles, is necessarily one 
of the most rapid rivers in Europe. It has a drainage of 23,000 
square miles, discharges itself by two main mouths, and, when in 
high flood, projects its current with such force that its fresh 
waters can be skimmed from the surface several miles out at sea. 
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The waters that enter the BUck Sea branch of the Mediterranean 
basin obey the great southern and south-eastern slope of the 
European continent. Of these the Don, Dnieper, and Dniester 
have comparatively gentle currents, and all in their lower courses 
flow through flat swampy plains. The Danube, the most import- 
ant of the suite, rises in the Black Forest, at an elevation of 
2850 feet, has a winding course of 1 496 miles, and an area of 
234,080 square miles. Originating in the union of several moun- 
tain streams, it is first known as the Donau or Danube in the 
Duchy of Baden, from which it runs through an Alpine country 
to Ulm, and thence to Passau it traverses the plain of Bavaria. 
From Passau to Vienna it runs through a second hilly region, 
and the remainder of its course is generally through a flat coun- 
try, except on approaching the rocky defile of the " Iron Gate," 
till its embouchure by three main mouths into the Euxine Sea. 
The Danube, with its navigable tributaries, the Theiss, Drave, 
and Save, form important channels of internal communication 
for Eastern Europe — an importance that has been greatly en- 
hanced by the adoption of steamers fitted to the peculiarities of 
their currents. Such are the principal rivers of Europe that fall 
directly or indirectly into the basin of the Atlantic. Lying in 
the temperate zone, and having their sources at no great distance 
from the ocean, their volumes are wonderfully regular and persis- 
tent, being merely liable to occasional fioodings from excess of 
rainfall, or from sudden meltings of the snow in early spring. 
The extent and configuration of the continent prevents the for- 
mation of large and long rivers ; but as the rapids and waterfalls 
are confined to their upper stages, the lower portions of their 
courses are in most instances easy of access and more or less 
navigable. Whether viewed as channels of drainage and irriga- 
tion, or as means of internal communication, these rivers consti- 
tute an essential feature in the physical geography of Europe. 
Flowing from the central region in every direction, they equalise 
the water-supply more than in any other continent, confer greater 
beauty and amenity on its surface, and afford at once a perennial 
supply and an available mode of intercommunication to its busy 
populations. 

124. The African section of the Atlantic system embraces 
all those rivers which flow from the western and northern 
slopes of that continent — the former discharging themselves 
directly into the ocean, the latter indirectly through the basin of 
the Mediterranean. Of those entering directly into the Atlan- 
tic, the Senegal, Gambia, Niger, Congo, Coanza, and Orange are 
the more important, though still but very partially known in 
their middle and upper courses. The Senegal and Gambia, 
which rise in the Kong Mountains, and have courses from 600 
to 850 miles in length, form the conjoint basins of Senesambia, 
and are navigable to some extent. The Niger, the noblest of 
these western rivers, is supposed to have its sources in the 
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northern slopes of the Kong Mountains, and, after a circnitous 
course of more than 1500 miles, during which it receives the 
Chadda and other large tributaries, enters by several navigable 
mouths the Gulf of Guinea. The Niger (Joliba or Quorra) 
drains an immense but unknown extent of tropical Africa ; has 
a navigable middle course of many hundred miles, varying from 
one to six miles in width, and running at the rate of &ve and 
eight miles an hour ; and possesses a low pestilential delta ot 
32,000 square miles, alternately choked with the rankest jungle- 
growth and overspread by inundation, which attains its height 
about the middle of August. The Congo and Coanza are so far 
navigable, but are unknown in the interior, though supposed to 
be connected with that maze of rivers now known to occupy the 
central table-land. The Orange or Gariep is nnnavigable, being 
alternately a large impetuous torrent during the rains, and a 
shallow shingly stream during the season of drought. The most 
important, and indeed the only African river that discharges 
itself into the Mediterranean, is the Nile — ^the most classical, 
and in many respects the most remarkable river in the world. 
Eising in the equatorial highlands of Africa as the Bahivel-Abiad, 
or White Nile, it receives after a considerable course the Bahr- 
el-Azrek, or Blue Nile, from the Galla country, and after a 
further track is augmented by the Atbara from Abyssinia — the 
conjoint stream flowing downward through Dongola, Nubia, 
and Egypt (a distance of 1200 miles), without receiving any addi- 
tional accession of waters. The total length from its unknown 
source, between 3° and 4° N. lat, is 2240 miles, and its supposed 
drainage-basin not less than 520,000 square miles. Compara- 
tively Tittle is known of its upper course, or of its source, which, 
in all likelihood, lies in some mountain lake or swamp near the 
equator ; its middle course through Nubia is marked by a suc- 
cession of low rapids or ** cataracts," nine or ten in number ; and , 
its lower course having a fall of only two inches a-mile, the 
current flows gently through the plains of Egypt till its final 
discharge into the Mediterranean by the two main mouths 
which form its delta. This delta commences 90 miles from the 
sea, and has a coast-line of 187 miles between its main mouths, 
the Bosetta and Damietta. In the plain of Egypt, which is 
from 2 to 18 miles in width, the current of the Nile, when not 
in flood, is about 2^ miles an hour, but in its delta branches 
the flow is almost imperceptible. The most remarkable feature 
in the Nile is the regularity of its annual inundation, which 
arises, in all likelihood, from rainfalls dependent on the south- 
east trade-winds of the Indian Ocean, and on the melting of 
snows among the equatorial ranges near its sources. In its 
upper branches the river begins to rise in April, but at Cairo 
the flood is not perceptible till towards the summer solstice. 
It then continues to rise for nearly a hundred days, and remains 
at its greatest height till the middle of October, when it begins 
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to subside, and reaches its lowest point in April and May. So 
far as we have evidence, this inundation has remained unchanged 
for the last 4000 years. Its height in Upper Egypt is from 30 
to 35 feet, at Cairo from 20 to 24, and in the northern part of 
the delta, where it spreads out over a wider area, it seldom 
exceeds 4 or 5 feet. The fine black slime or mud deposited by 
this inundation has been the unfailing source of wealth and 
fertility to Egypt, and from its accumulation, in like manner, has 
arisen the formation and increase of the delta. 

125. The rivers of South America constitute by far the most 
unique and gigantic section of the Atlantic System. Indeed, all 
the rivers of that continent obey its great eastern slope towards 
the Atlantic — the streams that flow down the abrupt and rain- 
less counterslope towards the Pacific being mere runnels fed by 
the melting snows of the Andes. In this case, we have at once 
area for development, supply from heavy rain&Us engendered 
by the moisture-laden winds of the Atlantic, as well as from 
melting snows and perennial springs, and breadth of volume 
arising from the flatness of the surface over which these rivers 
flow. Beginning at the south, the rivers of Patagonia are of 
little importance, bein? described as *' of small magnitude, with 
few or no afiluents, and making straight across the dry shingly 
terraces of that sterile region?' North of this the great river- 
system commences, embracing the basins of the Plata, the 
San Francisco, the Paranahyba, the Tocantins, the Amazon, 
Orinocco, and Magdalena. The Bio de la Plata, whose drainage 
is estimated at 886,000 square miles, receives its affluents from 
very distant and difierent regions — the Salado, Vermejo, and 
Pilcomayofrom the deserts and salinas of the Lower Andes — the 
Paraguay and Parana, two noble rivers, from the wooded slopes 
and verdant plains of the central regions — and the Uruguay 
from the low sierras and valleys of Southern Brazil. Some of 
these affluents, like the Paraguay and Parana, are navigable for 
hundreds of miles inland, and, on the whole, have deep and 
accessible channels, but are subject to periodical and destructive 
inundations. Their united waters meet in the estuary of the 
Plata — a freshwater sea, 180 miles long, and 120 broad at its en- 
trance ; but shallow and loaded with mud, whose discoloration 
is perceptible far out at sea. The San Francisco, having a length 
of 1400 miles, and an estimated drainage of 187,000 square miles ; 
the Paranahyba, having a drainage of 115,000 square miles ; and 
the Tocantins, or Para, of 284,000 square miles, are strictly 
Brazilian rivers, rising among, and flowing between, the sierras 
of that country. Little is known of their sources, but they 
descend with considerable currents till they enter the low- 
lands that fringe the Atlantic, from which they are navigable for 
long distances inland. The Amazon, by far the largest river in 
the world — Shaving a length of 3500 miles from its remotest feeder 
(the Apurimac) in the Andes to its union with the ocean, and 
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an estimated drainage of 1,512,000 square miles — is that which 
gives life and character to the lowlands of tropical America. 
£ntering the ocean by an estuary 200 miles long and 130 broad, 
its freshening influence is felt several hundred miles out at sea ; 
while its main stream, though much impeded by mud-banks 
and islands, is navisable for 2000 miles inland. Its principal 
affluents on the right are the Xingu, Tapajos, Madeira, Purus, 
and Ucayali, which flow from the sierras of Brazil and the cen- 
tral region; and on the left the Rio Negro, the Japura, and 
Futumayo, which descend from the mountains of Farime and 
the northern Andes. Many of these tributaries are largely 
navigable, and, though treated as mere feeders of the Amazon, 
would be esteemed important rivers in the geography of other 
countries. The head-waters of the Amazon drain the entire 
circle of the middle Andes, almost connecting its stream by a 
low portage with the Faraguay on the south, and actually 
uniting it by the Casiquiare with the channel of the Orinocco on 
the north. Like other tropical rivers, the Amazon is subject to 
periodical inundation — its waters beginning to rise in December, 
being at their greatest height in March, and lowest in July and 
August. When in flood, its waters overspread an immense 
extent of country, which thus becomes alternately a freshwater 
sea, and selvas, teeming with the rankest tropical vegetation. 
The Orinocco— the last of South American rivers to which our 
space will permit us to advert — has a basin of nearly 300,000 
square miles, and a navigable course at all seasons of more than 
1000 miles. Bising in the mountains of Farim6, it takes a cir- 
cuitous course northwards and then eastwards, receiving on the 
one hand several important tributaries from the Andes, and on 
the other a number of smaller streams from the ranges of the 
Farim6. Increased by these affluents — the Guaviare, Meta, and 
Atures on the left, and the Faraqua and Caroni on the right — it 
ultimately finds its way by a perfect lab3rrinth of mouths into 
the basin of the Atlantic. Its annual floods take place with 
great regularity — commencing about the end of March, and 
decreasing by the end of August. During high flood, thousands 
of square miles of the low flat basin are inundated to a 
depth of 30 feet — these flats, alternately flooded and covered 
with long rank grass, constituting the celebrated llanos of the 
Orinocco. 

126. The river-systems of North America are governed by the 
disposition of the Bocky Mountains much in the same way as 
those of South America are governed by the Andes. The 
counter-slope of the Bocky Mountains, being less abrupt than that 
of the Andes, gives development to two or three streams ot 
some importance on the Facific side, but in the main the great 
river-basins are directed towards the Atlantic. The central 
plain that stretches from the Gulf of Mexico to the Arctic Sea 
being divided by a low watershed of 1300 or 1600 feet, a few 
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rivers, as the Mackenzie and Coppermine, trend northward to the 
Arctic basin, but all the larger and more important lie south of 
this watershed, and belong to the Atlantic system. Of these 
the Bio del Norte and the Mississippi fall into the Gulf of Mexico ; 
the St Lawrence directly into the Atlantic ; and the Sascat- 
chewan and Churchill into Hudson Bay. The Bio del Norte, 
which rises among the sierras of New Mexico, has its upper 
course through a desert region, in which it receives few affluents; 
but as it descends into the lower grounds it gains considerable 
accessions, and becomes a natural boundary between the United 
States and New Mexico. Its drainage area is estimated at 
180,000 square miles. The Mississippi (** father of waters ") is 
by far the largest of North American rivers. Bising in the 
small lake of Itasca, on the verge of the middle table-land, at an 
elevation of 1600 or 1600 feet, it runs southward through the 
great central plain, receiving numerous accessions from either 
side, and, after a winding course of 3160 miles, falls through a 
swampy delta into the Gulf of Mexico. Its main tributaries 
on the right or Bocky Mountain side, in which they take their 
rise, are the Missouri — a river even longer, larger,and having more 
affluents, than the Mississippi itself — the Arkansas, having also 
many affluents, and the Bed Biver ; while on the left its chief 
tributary is the Ohio, with its numerous feeders from the western 
slopes of the AUeghanies. Between the Bocky Mountains on 
the west, and the Appalachians on the east, lies, therefore, the 
sreat conjoint basin of the Missouri, Mississippi, and Ohio, 
having an area of more than a million square miles ; containing 
every description of soil and scenery — prairie, barren, and wood- 
land; watered by innumerable streams and several navigable 
rivers ; and possessing every variety of climate, from the coldly- 
temperate highlands of Nebraska to the sub-tropical warmth of 
the Gulf of Mexico. The Mississippi, we have said, has a winding 
course of 3160 miles, but if the Missouri be taken as the main 
stream, its length is 4260 miles ; while that of the Arkansas is 
2000, and the Ohio more than 1000 miles. The breadth of the 
Missouri and Mississippi at their confluence is fibout half a mile, 
and the main stream downwards is very little more. Though 
gentle, the current is by no means sluggish ; and thus, during 
floods, from the melting of the snow in the higher latitudes, the 
rivers sweep downwards immense quantities of mud, driftwood, 
and other debris. The Missouri is said to be navigable " from the 
Great Falls in the Bocky Mountains to the sea, a distance of 4000 
miles ; the Mississippi, from those of St Anthony, 2240 ; while 
the Ohio, being connected by a system of canals with Lake Erie, 
and thence to Lake Ontario, carries out a water-communication 
between the Gulfs of Mexico and St Lawrence." The Delta of 
the Mississippi, which projects itself forward into the Gulf of 
Mexico, is alow and unhealthy region, nearly 14,000 square miles 
In area, and full of lagoons, creeks, and pestilential marshes. 

H 
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The St Lawrence, which forms the great water highway to Canada, 
takes its rise, under the name of the St Louis, far west in the 
central lake-region of North America. After uniting the Lakes 
Superior, Huron, Erie, and Ontario, it issues from the last by the 
name of the Iroquois, and, alternately contracting and expanding 
into lake-like reaches, it is known as the St Lawrence at Mon- 
treal, from whence it flows to Quebec, and thence by its long 
estuary into the Atlantic Its drainage basin is estimated at 
297,000 square miles, of which 94,000 or more is covered by 
freshwater lakes. Its estuary is 350 miles long, and 80 broad 
at its mouth, but, from its northward trend, is frozen and ice- 
locked during the winter. The Saskatchewan and Churchill take 
their rise, in like manner, amone the labyrinth of lakes that charac> 
terises the extreme northern pmin of America, and, after flowing 
from lake to lake with irregular and tortuous courses, find their 
way to the North Atlantic through Hudson Bay. The basin of 
the Saskatchewan is estimated at 300,000 square miles, and that 
of the Churchill at 73,000, but a large portion of both is occupied 
by lakes and frozen morasses. 

127. Encompassed as the Pacific is by the continent of America 
on the one hand, and by that of Asia on the other, its river-sys- 
tem is altogether peculiar, and disproportionate to the encircling 
areas. On the American side, from Tierra del Fuego to the Gulf 
of California, there is not a single stream of importance: and 
from that point northward to Behring Strait the only rivers of 
note are the Colorado, rising among the sierras of New Mexico, 
draining, with its tributaries, an arid and rocky area of 170,000 
square miles, and falling into the Gulf of Mexico ; the Columbia, 
with its main tributary the Lewis, descending with impetuous 
current over waterfalls and cataracts from the Bocky Moun- 
tains, traversing the Oregon territory, and draining an area 
computed at 194,000 square miles ; and the Frazer, an equally 
rapid stream, rising among the ranges of the Bocky Mountains, 
and watering the wild but picturesque country of British Co- 
lumbia. Abutting as the Andes and mountains of Mexico do 
upon the very shores of the Pacific, there is no space for the de- 
velopment of rivers ; and it is only where the Rocky Mountains 
bend inland, and are flanked by minor hill-ranges, that the Co- 
lorado, Columbia, and Frazer make their appearance. On the 
Asiatic side of the Pacific the case is altogether different, the 
mountains from which the rivers descend being not only far in- 
land, and thus affording ample area for development, but being, 
moreover, the recipients of abundant rain and snow-fall. We 
have thus, descending the eastern slopes of Asia, the Amoor in 
Chinese Tartary, the Hoang-Ho, Yang-tse-Kiang, andTche-Kiang 
in China, and the Menam and Mekong in Cochin -China — all 
first-class rivers — ^besides a vast number of affluents and minor 
streams that add to the fertility and importance of that region. 
The Amoor (Tunguse, ^^ Great Water " of the Manchoos, Sagalhien, 
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or " Black Water") rises high in the Danrian mouD tains, receives 
several large tributaries in its descent, and, after a course of 
2400 miles, enters as a navigable river into the land-locked Gulf 
of Tartary, which opens on the one hand into the Sea of Okhotsk, 
and on the other into the Sea of Japan. It drains a computed 
area of 583,000 square miles ; and, from its navigable capabilities, 
safety of entrance, and relative position to Japan and Bussian 
Siberia, is likely to become of considerable commercial import- 
ance. The great rivers of China — the Hoang-Ho and Yang-tse- 
Kiang — take their rise among the Kihan-Schan and Kuen-lun 
mountains, that buttress the plateau of Tartary, and after making 
their descent between the minor ranges of the Yun-ling and Fe- 
ling, wind with slow and steady flow through the plain of China 
into the Yellow Sea. The course of the Hoang-Ho, or Yellow Bi ver 
(so called from the colour of its waters), is estimated at 2300 linear, 
and its basin at 537,000 square miles ; while the course of the 
Yang-tse-Kiang is 2900 lineai*, and its drainage area not less than 
548,000 square miles. Though their main mouths are wide apart, 
yet they may be said to fall into the same delta— their broad navi- 
gable streams being united throughout their lower courses by in- 
numerable canals and natural channels. Indeed the whole coun- 
try, from the southernmost branch of the Yang-tse, north to the 
Pei-ho, or White Biver, which enters the Pe-che-le Gulf, is one 
alluvial flat, intersected by channels, canals, and embankments, 
and liable to be flooded and broken in upon by shiftings of the 
river-courses, and other similar changes. The burden of sedi- 
ment which these rivers carry down to the shallow basin of the 
Yellow Sea is immense; and though frequently shifting their 
channels, and encumbered by sand-banks, they are navigable by 
vessels of considerable burden for 600 or 800 miles, and by smaller 
craft to perhaps double that extent. The Mekong is a large but 
little known river, rising in the mountains of Eastern Assam, 
flowing with a long course between the mountain-i*anges of Cochin- 
China, draining, along with the Menam, an estimated area 
of 216,000 square miles, and falling into the Gulf of Siam or 
Cambodia by a many-mouthed delta. 

128. The river-system of the Indian Ocean has three separate 
and independent sections — the Asiatic, the Australasian, and 
the African, according as the rivers flow from either of these re- 
gions. 1. The Asiatic embraces the Martaban and Irawady in 
Burmah ; the Brahmapootra, Ganges, and Indus in India : and 
the Tigris and Euphrates in Persia and Asia Minor. The Mar- 
taban, Irawady, and other rivers of Further India, occupying 
the narrow valleys which lie between the parallel hill-ranges of 
that region, flow southward in long and comparatively straight 
courses. Very little is known of their sources or affluents ; but 
the Irawady, which enters the Gulf of Martaban by a many- 
branching delta, is navigable for 400 or 500 miles, and though 
encumbered in its lower course by mud-banks and islands, is a 
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channel of vast importance to the Burmese empire. Baring the 
season of inundation it spreads to a breadth of 3 or 4 miles, runs 
at the rate of 4 or 5 miles an hour, and is heavily laden with 
sedimentary debris. There is, indeed, a great similarity among 
all the rivers of the Indo-Chinese peninsula, whether flowing 
like the Menam and Mekong into the Pacific, or like the Mar- 
taban and Irawady into the Indian Ocean : they have long 
straight courses, flow with considerable current through a country 
rich m tropical vegetation, and enter the sea by several mouths 
through low and gradually increasing deltas. The Ganges, 
which rises at an elevation of 13,000 or 14^000 feet among the 
glaciers of the Himalaya, descends rapidly to the plain of India, 
and there flowing with gentle current it receives numerous 
affluents from the southern slopes of its parent mountains on the 
one hand, and from the northern slopes of the Yindhya high 
grounds on the other, till it ultimately falls through a many- 
branching delta into the Bay of Bengal. The Brahmapootra 
" offspring of Bi'ahma**) is formed by the union of two main 
streams, uie Dzangho-chur^ which has its origin in the northern 
slopes of the Hinialayas and flows eastward till its union with 
the Brahmapootra proper, which, descending from the distant 
recesses of the Thibetan mountains, runs southward towards 
Assam. After their junction the united waters, under the name 
of the Brahmapootra, cut transversely the eastern Himalayas, 
and then, flowing south and westward with a volume consider- 
ably exceeding that of the Ganges, enter the delta of that river 
about 40 miles above the sea, but still maintain the individuality 
of their own channel. The conjoint area drained by these rivers 
and their affluents (several of which are larger than the Bhine) 
is estimated at 432,000 square miles, and their respective lengths 
at 1680 miles. Like other tropical rivers, the Ganges and Brah- 
mapootra are subject to annual inundations — ^the floods com- 
mencing in April, attaining their maximum about the middle of 
August, and continuing till October. They begin first to swell 
from the melting of the snows among the mountains, but before 
this influence has reached the low grounds these are widely under 
water from the periodical rainfalls. The quantity of water 
arising from these two causes and brought down by the Ganges 
and Brahmapootra is enormous, overspreading the plains for 
hundreds of square miles, and freshening more or less the whole 
upper area of the Bay of Bengal. The amount of sediment 
brought down by these rivers when in flood is also immense ; and 
the whole delta, 200 miles in length and 180 broad at its base, 
with all its channels, creeks, lagoons, and mud-islands (Sunder- 
bunds), is clearly the offspring of this debris. Though liable to 
sudden shifbings during inundations, several of the branches of 
the Gangetic delta are navigable at all seasons for vessels of large 
draught ; while the main stream can be ascended by smaller 
craft to the foot of the Himalayas. Though possessing a large 
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volume, the Brahmapootra, from the rapidity of its current and 
the obstacles in its channel, is of less importance as a means of 
internal communication. The Indus, the third great river of 
India, takes its rise in the highlands of Thibet, and after a pre- 
cipitous course through the western Himalayas, descends into the 
?lains, where it is augmented by the streams of the well-known 
*unjab, or Five Elvers. These affluents, like the main stream, 
are the offspring of the Himalayas, and drain a large expanse of 
upland as well as fertile lowland. After their union near the 
southern extremity of the Suleiman hills, the Indus receives no 
more tributaries of any note, but flows with gentle current 
through a somewhat arid country for nearly 300 miles, and then 
forks into a delta 80 miles long by more than 100 broad at its 
base, discharging itself by many mouths, only three or four of 
which are navigable. The annual floods commence with the 
melting of the Himalayan snows in April, attain their greatest 
height in July, and terminate in September. The winding 
course of the river is nearly 2000 miles, and its estimated 
drainage 312,000 square miles; but owing to the shallow and 
shifting nature of its mouths it is navigable only by vessels of 
comparatively small burden. Lying open to the great tidal wave 
of the Indian Ocean, it has, like the Ganges, a rapid and danger- 
ous bore, which ascends the main channels to a distance of 60 or 
70 miles. 

129. Australia, owing to its geological conformation, is singu- 
larly destitute of rivers — those descending the eastern counter- 
slope of its hills into the Pacific being mere streams, while 
those flowing from their western slopes seem to lose themselves 
in the great central and yet unexplored plain. The Murray, 
with its tributaries the Darling, Lachlan, and Murrumbidjee, are 
the only known rivers of note, and these, though roaring torrents 
during the rains, are often reduced to a mere chain of ponds and 
creeks in the dry season. Of the African rivers that enter the 
Indian Ocean geography knows too little as yet to offer anything 
like reliable description. So far as known, the 2iambesi, now under 
exploration by Dr Livingstone, is the largest and most import- 
ant, apparently draining an immense extent of inland country, 
which spreads out in plain-like expanses, reticulated by lakes 
and streams that flow during the periodical rains, but are desic- 
cated and partially obliterated during the season of drought. 
On the whole, recent investigation seems to point to the interior 
of Central Africa as a plateau-shaped plain, deriving its main 
water supply from rains, which form, for the most part, only 
temporary streams and lakes — the surplus being carried off by 
evaporation rather than by a regular system of stream and 
river-drainage. 

130. Such is a brief outline of the chief river-systems of the 
world — the Arctic, Atlantic, Pacific, and Indian. Though the 
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baaiiis of which they are Gompoeed hare th^ own indiYidnal 
characteristics, there is still a great similarity, and necessarily 
so, among the Tarions memhers of a system. Thns the rirers 
of the Arctic sjf at em mn more or less meridi<»iallyy flow from 
warmer to colder latitudes, and all their emhonchores are for a 
large portion of the year ice-locked and impervioos to narigation. 
By the melting of the snows in their npper courses they are 
flooded hefore the thaw has reached their lower waters, and 
thns the plains through which they pass are largely occupied by 
lakes and morasse& The rirers that descend the southern 
slopes of Asia, Europe, and North America, flow also in meri- 
dional courses, but pass, on the contrary, from colder to wctrmer 
latitudes, and consequently their embouchures are open at all 
seasons. Those of them that belong to the Atlantic system de- 
rive their floods chiefly frx>m the melting of the snows along 
their upper courses ; while the inundations of those belonging 
to the Indian system depend partly on the melting of the snows 
and partly on the periodical rainfalls in their lower courses. 
With the exception of the Bio del Norte and the Mississippi 
on the one hand, and the rirers that enter the Mediterranean 
on the other, all the basins of the Atlantic system, whether from 
the American, European, or African continents, run in latitudinal 
courses ; and thus, from their sources to their embouchures, each 
passes along the same climatological zone. These and other 
great conditions must at once present themselves to the mind of 
the inquiring student, and produce the conviction that the idea 
of river-systems has something more to recommend it than the 
mere convenience of artificial arrangement. 

131. Besides the oceanic systems there are what have been 
termed Continental Systems — a few inland basins cat off from 
all connection with the ocean, and having the equilibrium of their 
waters maintained by evaporation and absorption. The chief of 
these, as already mentioned, are the Aralo-Caspian basin in Asia ; 
the Utah and Mexican in North America ; the basin of the Andes 
plateau in South America; and in all likelihood, when better 
Known, some similar depressions in Australia and Central Africa. 
On referring to the map it will be seen that a number of the 
streams of Central Asia — the Asiatic plateaux — run inland to 
lakes or lose themselves in the sand and shingle of the desert. 
This is the " Basin of Continental Streams " in Asia, and includes 
the Lob, Balkash, Helmund, and other lake-hollows, with their 
tributary streams ; the Aral, with its main feeders the Syr and 
Amoo ; and the Caspian, with its rivers the Oural and Volga. 
Of these the most important is the Volga, which rises on the 
Valdai slopes at an elevation of 550 feet, and, after a long and 
winding course of 2400 miles, daring which it receives many 
important tributaries (the Kama, Viatka, &c.), falls by two main 
moaths into the Caspian Sea, which is 82 feet below the level of 
the Euzine. The Volga is the largest river in Europe, has a fall 
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of only 633 feet daring a coarse of 2400 miles, drains an estimated 
area of 397,640 square miles, and constitutes the great internal 
water-way of Russia. The seas and lakes of this basin, as indeed 
of all other continental basius, having no escape for their waters 
save by evaporation, must necessarily be more or less salt ; and 
hence the saline peculiarities of the Caspian, Aral, Balkash, Dead 
Sea, Lake of Utah, and others occurriug in these so-called "' basins 
of contiuental streams.'* Basins of this kiod necessarily occur in 
rainless flats and plateaux ; for were the amount of rainfall ex- 
ceediug the evaporation, the sheets of water would accumulate 
till they overflowed their margins, and found an outlet towards 
the nearest oceanic area. 



Lakes and Lacustrine Areas. 

132. Lake is the general term for any considerable body of 
standing water surrounded by land, and not directly connected 
with the sea or any of its branches. Lakes are thus strictly ter- 
restrial expanses, and belong to the land as much as the streams 
and rivers that channel its surface. Wherever there is a depres- 
sion of that surface beneath the surrounding country or the bed 
of the nearest river, there water will accumulate (unless carried 
off by evaporation) till it rises above the lowest part of the en- 
closing margin and flows off by some river-channel. In this way 
we may have sheets of all sizes, from the merest pools to lakes 
occupying mauy thousands of square miles. Lakee;^ generally 
consist of fresh water; but some, like the Caspian aud Aral, 
having no river of discharge, are scUt^ while others, having only 
partial outlets, are brackish. They occur in all regions, but most 
abundantly on mountain table-lands and plateaux, and on the 
lower reaches of great plains. Wherever there is a want of de- 
clivity, or any obstruction to the natuitil flow of the surface-waters, 
there lakes will accumulate, and this in proportion to the extent 
of country, the magnitude of the obstruction, and the amount of 
rain and snow-fja.ll. In consequence of less evaporation, they 
occur also more abundantly in low than in high latitudes ; and 
hence their frequency and magnitude in the northern regions of 
America, Europe, and Asia, as compared with other areas. It 
is usual to arrange lakes into fouf' kinds: — 1. Those that have 
neither outlet nor inlet — subterranean springs and rain supply- 
ing the water, and evaporation carrying off the excess. These 
are generally of small dimensions — lowland pools, mountain 
tarns, and nob unfrequently the craters of extinct volcanoes. 2. 
Those which have an outlet, but receive no running water, being 
fed by springs nsing from their bottoms and rocky margins. Lakes 
of this class are also small, and for the most part situated in up- 
land districts. 3. Those which, like the Caspian and Aral, 
receive streams of running water, but have no visible outlet — the 
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balance of level being maintained by evaporation. Such lakes 
are more or less impregnated with saline matter ; and this salt- 
ness must be still on the increase. 4. Those that both receive 
and discharge streams of running water, and which form alike 
the most numerous and most extensive in both hemispheres. 

133. To whatever class thej belong, lakes form essential ele- 
ments of diversity in the landscape, and perform important func- 
tions in the economy of nature. Exposing considerable surfiices 
to evaporation, they serve to temper the aridity of their respec- 
tive districts, at the same time that they act as so many reser- 
voirs, in which the superabundant supplies of winter are stored up 
for the increased requirements of summer. In many instances 
they act as checks to the too rapid discharge of rivers — retaining 
for perennial supply what would otherwise be run off in a few 
days, and restraining, moreover, the destructive flood which is 
brought to rest in their placid areas. Occurring so frequently in 
the course of rivers, they act as settling pools lor the debris and 
sediment of their waters — the streams they discharge being pure 
and pellucid, whilst those they receive may be turbid and laden 
with impurities. In this way they get gradually silted up, and 
form rich alluvial tracts, the while that their outlet-currents are 
deepening their channels and forming the means of a more effi- 
cient drainage. In this way lakes become important agents in 
the surface-modification of the land ; and one has only to cast his 
eye over the fertile dales and vales of long-established regions to 
perceive how much of these areas was at one time a mere succes- 
sion of laj^es and morasses. Biologically, too, these fresh-water 
sheets become the habitats of a peculiar flora and fauna — thus 
extending the range of Life, and affording conditions of existence 
that no other habitat could supply. 

134. In Europe there are two main lake regions — a highland and 
a lowland ; the former embracing the picturesque lakes of Britain, 
Switzerland, and Italy ; the latter the numerous sheets that 
stud the Baltic provinces of Russia, Prussia, and Sweden. The 
highland lakes generally occupy the deep narrow troughs of moun- 
tam-glens, and from their situation and adjuncts are celebrated 
for their scenery ; the lowland, on the other hand, spread over 
areas little depressed beneath the surrounding country, and are 
for the most part tame and unattractive. The waters of High- 
land or Alpine lakes are usually retained by rocky barriers, 
through which the outflowing stream is gradually deepening its 
diannel, and thus their dimensions become less and less as the 
drainage outlet becomes deeper. On the contrary, the drainage 
of lowland sheets is often slow and sluggish ; hence a large 
portion of their areas is little else than morass, which the accu- 
mulation of aquatic vegetation and sedimentaiy matter is year 
after year converting into alluvial land. With two or three ex- 
ceptions (Flatten See, Nieusidler See, &c.), the European lakes, 
strictly so called, consist of fresh water ; they have all or nearly 
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all, streams of ingress and egress ; vary in size from a few hun- 
dred square yards to several uiousand square miles ; rise slightly 
with the rains of winter and fall with the droughts of summer. 
The more notable of those in the northern lowland region are 
Lakes Ladoga 6330 square miles, Onega 3280, Saima 2000, Peipus 
1250, and Enara 1200 square miles, in Bussia ; and Lakes Wener 
2130, Wetter 840, and Maelar 760 square miles, in Sweden — ^the 
latter being only three or four feet above the level of the Baltic. 
The larger Alpine lakes are on the Swiss side ; Geneva or Leman, 
240 square miles, at an elevation of 1230 feet ; Constance or the 
Boden See, 228 square miles, at an altitude of 1250 feet ; Neuf- 
chatel, 114 square miles and 1440 feet high ; Lucerne, 98 square 
miles and 1430 feet high ; and Zarich, 74 square miles, at an eleva- 
tion of 1330 feet : while on the Italian side there are Grarda 182, 
Maggiore 150, and Como 66 square miles, at elevations respec- 
tively of 320, 680, and 685 feet. In the British Isles, Loughs 
Neagh, Corrib, Eme, and Loch Lomond, respectively 150, 63, 56, 
and 45 square miles in area, and 48, 31, 130, and 22 feet in ele- 
vation, are the largest, though others of smaller dimensions are 
better known for their picturesque scenery and associations. 

135. In Asia, the lakes occupy three main and distinctive re- 
gions — the mountains and plateaux of the central highlands, the 
alluvial lowlands of China and Siberia, and the depressed areas 
of the Aralo-Caspian and Dead Sea. Unljke those of Europe, 
many of the Asiatic lakes are salt or brackish, and this peculi- 
arity belongs more especially to those having no river of outlet. 
Bespecting these salt or brackish sheets, accounts differ considei^ 
ably as to the amount of saline matter held in solution in their 
waters — a difference that may arise either from taking the speci- 
mens at different places, at different seasons, or from errors in 
analyses. Whatever the source of error, there can be no doubt that 
where new saline supplies are continually carried in by rivers and 
springs, and none carried off by running water, the percentage 
must be gradually on the increase. Of the saline lakes the more 
important and better known are the Caspian (slightly fresher 
than the ocean), 82 feet beneath the level of the Black Sea, having 
an area of 130,()00 square miles and an extreme depth of 960 feet ; 
the Aral, 36 feet above sea-level, and having an area of 26,000 
square miles ; Balkash or Tengiz, having an area of 7000 square 
miles ; Urumiah (25 per cent of salts), l^K) ; Van, 1600 ; Zurrah, 
1600 ; Tongri-nor, 1800 ; Koko-nor, 1500 ; Lop, 1300 ; and the 
Dead Sea, 360 square miles, with a depression of not less than 
1312 feet beneath the level of the Mediterranean, and containing 
from 25 to 26 per cent of saline ingredients. Of \^ei fresh-water 
sheets the largest is Baikal (the ^* Holy Sea" of the Kussians) in 
Siberian Tartary, with an area of 14,800 square miles, and at an 
altitude of 1535 feet ; and Ton-Ting, Poo- Yang, and Tai-Hou in 
China, having respectively areas of 2000, 800, and 700 square 
miles, and all valuable aids to the internal communication, com- 
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merce, and agricultare of that peculiar country. Besides these 
may also be noted Zai-zan in Mongolia, 1000 square miles ; Booka- 
nor in Tibet, 1000 ; Erivan in Armenia, 500 ; and Tiberias in 
Syria, 76 square miles, at a depression of 328 feet beneath the 
Mediterranean. 

136. In Africa there are several lakes less or more known to 
geographers ; but while the internal configuration of that con- 
tinent remains undetermined, it is impossible to arrange them into 
anything like systems or areas. Between the Atlas range and 
the Sahara, and fed by streams from the former, there exists a 
series of minor lakes, of which the largest (Loudeah, &c.) lies in 
Tunis ; in the central and hilly region of Nigritia the existence 
of sheets of considerable magnitude (Tchad, Dibbie, Fittie, &c.) 
has been so far determined; and in the southern table-land, 
several shallow and apparently fluctuating sheets (Ngami, Nyauja, 
Taganyika, &c.) have been partially explored. Among the longer 
known lakes may be mentioned Dembea or Tzana in Abyssinia, 
at an elevation of 6270 feet, and embracing an area of 1400 square 
miles ; the deltic areas of Menzaleh and Mareotis in Egypt ; and 
the salt-water lake of Assal in Abyssinia, extending to 30 square 
miles, and lying in a depression 570 feet beneath the level of the 
Bed Sea. With regard to Australia, we know that certain areas 
covered with water during the rains are but marshes or mud- 
pools during the season of drought, and that, along many portions 
of the sandy coasts, there exist saline and brackish lagoons ; but 
we are yet too slenderly acquainted with the interior to speak 
with certainty as to the existence of lakes in the true sense of the 
term either fresh- water or saline. 

137. In South America there are comparatively few lakes, and 
these, for reference sake, may be arranged into three distinctive 
regions — namely, the mountain-glens and depressions of the higher 
Andes ; the low plains that border the eastern flanks of the 
Andes ; and the still lower river-plains that trend toward the 
Atlantic. Of the Andian lakes the most remarkable is Titicaca, 
situated at an elevation of 12,847 feet, embracing an area of 3800 
square miles, and stamping peculiar features on the scenery, life, 
and civilisation of the surrounding district. It is fed by several 
streams from the Andes, but discharges itself by a single outlet, 
the Desaguadero, which after a short course disappears, partly 
by evaporation and partly by absorption into the sandy and arid 
soil through which it flows. Of the lakes that skirt the Andes 
on the east, many of them are of temporary nature, being exten- 
sive sheets during the rains, but mere marshes and salt pools 
(salinas) during the period of drought. In the lower plains of 
the Plata, Amazon, and Orinocco there exist many creeks, la- 
goons, and stagnant areas that appear in the dry season as lakes, 
and during the rains as one vast area of inundation. 

138. In North America the lakes may be said to afiect only 
two main districts — a highland and a lowland ; the former the 
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troughs and depressions of the Eockj Mountains from Panama 
on the south to Columbia on the north, and the latter the north- 
em section of the great central plain from the southern boundaries 
of Canada to the Arctic Ocean. In the former area the more 
important sheets are Nicaragua, 3500 square miles, at an eleva- 
tion of 128 feet, Maragua, 450 square miles, and Yojoa, 150 square 
miles, in Central America ; Chapala in Mexico, 1000 square miles ; 
and in the United States, Utah, 150 square miles, and the Great 
Salt Lake, 1800 square miles, at an elevation of 4200 feet. Of the 
lowland section the more important and extensive are the great 
"fresh- water seas" that form the lacustrine chain of the St 
Lawrence. These are Superior, with an area of 32,000 square 
miles, an altitude of 628 feet, and a depth of 900 feet ; Michigan, 
24,000 square miles, altitude 574 feet, and depth 1000 feet; 
Huron, 20,000 square miles, altitude 574, and depth 1000 feet ; 
Erie, 9600 square miles, altitude 565, and depth 84 ; and Ontario, 
6300 square miles, altitude 232, and depth 500 feet. Besides 
these, there is the immense lacustrine net- work of the extreme 
north, forming with that of Canada a lake-region unsurpassed by 
any other on the globe. Of the larger of these boreal, shallow, 
marshy, and long-frozen lakes we may enumerate Great Bear, 
19,000 square miles; Great Slave, 12,000 ; Winnipeg, 9000 ; Win- 
nipegoos, 3000 ; Athabasca, 3000 ; Deer, 2400 ; Manitoba, 21,000 ; 
Wollaston, 1900 ; and Lake of the Woods, 1200 square miles. 



KECAPITULATION. 

In the preceding chapter attention has been du'ected to what 
may be termed the terrestrial waters of the Globe — that is, to 
the springs, streams, rivers, and lakes that occur on the land in 
contradistinction to the great united mass which constitutes the 
Ocean. Though separable in this way, it is still the same vast 
volume of waters we have to deal with, its appearance on the land 
being only local and temporary. The vapour exhaled from the 
ocean is conveyed to the land, where, condensed into rains and 
snows, it falls and forms springs and streams, and these by their 
union give birth to rivers and lakes. But the stream and river 
are ever hurrying to the ocean again — again to be evaporated as 
fresh wateVf again to fall as rain and snow, and again to course 
the dry land, and to carry with them a portion of those ingre- 
dients which, accumulating within certain limits, constitute the 
peculiar saltness of the ocean. The rain and snow that percolate 
the rocky crust reappear at the surface as springs, which, accord- 
ing to their situation, may be superficial or deep-seated ; accord- 
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ing to their supply, temporary, intermittent, or perennial; accord- 
ing to their temperature, cold or thermal ; and according to the 
rocky material through which they pass, either pure or mineral 
— that is, impregnated less or more with saline, calcareous, silice- 
ous, chalybeate, and other mineral and metallic substances. By 
their union, springs and surface riyulets form streams^ and these 
streams occurring most abundantly in hilly regions unite, one 
with another, as they descend to the plains, and there ultimately 
form rivers, whose continually augmented volumes constitute one 
of the most important features in the hydrography of the globe. 
The highest or &rthest-off spring to which we can trace a river 
constitutes it source or rise, and from this source, through all its 
windings till it finally falls into the sea by one or by many mouths, 
lies its course. It is usoal to divide liver-courses into upper, mid- 
dle, and lower stages — the upper being characterised by ravines 
and waterfalls, the middle by rapids and cataracts, and the lower 
by a broad gentle current which often finds its way into the ocean 
by several branches through a low-lying and marshy delta. The 
track worn or hollowed out by running water constitutes its 
channelf and the land that forms the margins of this channel is 
known as its hanks — that on the right hand as we descend the 
current being termed the right bank, the left hand the left. The 
streams that enter any river or main-current from either side 
form its affluents or tributaries, and the entire expanse of country 
drained by a river and its tributaries is said to be the basin of 
that river. An ideal line, connecting the ultimate sources of all 
the tributaries of a river, forms the watershed of its basin ; and 
generally speaking, the ridge from which the streams of a country 
flow in opposite directions is the watershed of that region. As 
all the streams of a river-basin fiedl to the lower level of that 
basin, so several river-basins may descend to the still broader basin 
of some sea or ocean, and all such basins discharging themselves 
into the same sea constitute a river-system. The river-systems 
are necessarily coincident with the great oceans into which they 
flow ; and thus we have the Arctic, the Atlantic, Pacific, and 
Indian systems, together with a few inland systems whose streams 
flow towards certain depressed areas altogether cut off from con- 
nection with the ocean. These are the Aralo-Caspian basin, the 
Utah, the Mexican, the Bolivian, &c., whose waters flow inwards 
to certain lakes, and are thence carried off by evaporation. 
Where the slopes of a country are pretty uniform, the surfiswe 
waters are at once carried off by streams and rivers ; but where 
any unusual depression occurs, there they accumulate and form 
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lakes and morasses. Most of these lakes both receive and dis- 
charge running water ; but some of a small size, being fed by 
springs and reduced by evaporation, neither receive nor discharge 
running water; while others again receive streams and rivers 
but have no outlet — their surplus waters being carried off by 
evaporation. The former set of lakes are always fresh; the 
latter, like the Caspian, Aral, and Dead Sea, always less or more 
brackish and saline. 



X. 



CLIMATOLOGY — THE ATMOSPHEKE. 



Nature and Constitution of the Atmosphere. 

139. Having, in the preceding chapters, directed attention to 
the leading features of the Land and Water — the mountains, 
table-lands, and plains of the one, and the seas, lakes, and rivers 
of the other — we now proceed to consider the main relations 
of the Atmosphere or aerial envelope (Gr. atmos, vapour, and 
sphaira-y a sphere) by which the whole is surrounded. What is 
the nature and composition of this envelope, what its capacity for 
heat and moisture, what are the motions to which, as an elastic 
fluid, it is subjected, and generally, what are its conditions as the 
great medium of climate (heat, cold, winds, rains, &c.) on which 
the Life of the globe is so intimately dependent 1 This varied 
subject of climatology belongs more especially to the science of 
Meteorology ; but as an integral portion of the globe, and bear- 
ing on everything — organic and inorganic — that presents itself at 
the surface, the atmosphere and its principal phenomena become 
important themes to the student of Physical Geography. 

140. As already stated in paragraph 17, the atmosphere sur- 
rounding the globe, and partaking in all its motions of revolution 
and rotation, is an aeriform fluid consisting of nitrogen and oxygen 
gases — 79 parts of the former to 21 of the latter by volume, to- 
gether with a small and variable percentage (.05 to . 10) of carbonic 
acid gas and other impurities. These gases are merely in a state 
of admixture or diffusion, as is also the invisible vapour which 
less or more is ever present in the atmosphere. This special 
composition is alike indispensable to vegetable and animal life. 
Both animals and plants oreathe, if we may so speak, the air ; 
but while carbonic acid is exhaled by the former, it is absorbed 
and assimilated by the latter, which in turn exhale ogygen for 
the requirements of the animal kingdom. By this means the 
balance of composition is harmoniously maintained, any local 
variations being too unimportant to affect the general result 
Being an elastic or compressible medium, the air nearest the sea- 
level, pressed upon by all the superincumbent mass, is denser 
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than that at considerable elevations ; and by calculating the rate 
at which this rarity takes place, it is estimated that, at the height 
of 45 or 50 miles, the atmosphere becomes so rare or attenuated as 
to be inappreciable. What the absolute height or extension may 
be is still an undetermined problem — 90 miles, 212 miles, and 
even greater altitudes being given, according to the principles on 
which the calculations are S)undea. 

141. The mean pressure of the atmosphere taken at the sea- 
level is usually reckoned at 15 lb. avoirdupois (14.7304 lb.) upon 
the square inch — a pressure which, being equal on all sides, is 
insensible to living structures, the only inconvenience being ex- 
perienced at great altitudes (5 or 6 miles), where the air becomes 
too rare and light to maintain respiration, or to retain sufficient 
heat for the functions of vitality. This aerial pressure is balanced 
by a column of mercury 30 inches in height ; hence the construc- 
tion of the barometer, and hence also the term barometric pressure 
as applied to the oscillations of the atmosphere, which sometimes 
rise above and at other times fall below this normal standard. 
The pressure or weight diminishing as we ascend, the barometric 
column will fall in proportion, and this fall (correction being 
made for varying eflfects of temperature) becomes a convenient 
measure of altitude. Thus at the sea-level, near the foot of 
Chimborazo, Humboldt found that the barometer stood exactly 
at 30 inches, while at the elevation of 19,332 feet, to which he 
ascended, it fell to 14| inches. Again, under the normal pressui-e 
of the atmosphere, water at the level of the sea boils at the tem- 
perature of 212° Fahrenheit ; but as the pressure becomes less, 
ebullition takes place sooner, and thus, as we ascend, the boil- 
ing point diminishes, and may in like manner be taken as a 
measure of altitude. Of course, water at 212° and water at 190° 
(the boiling point at 13,000 feet in the Andes) will produce 
very different effects, absolute temperature and not mere ebulli- 
tion or bubbling-up under diminished pressure being the test of 
its heat. 

142. The atmosphere being the medium through which the 
sun's heat is conveyed to and from the earth, the lower and 
denser strata absorb the greatest amount and are necessarily the 
warmer ; hence, as a general rule, temperature decreases with the 
height to which we ascend from the surface, but not uniformly, as 
has been established by the recent balloon ascents of Mr Glaisher. 
As air is expanded by heat and contracted by cold, the warmer 
and lighter volumes will ascend, and the colder and denser rush 
in from all sides to supply the vacancy. In this way currents 
or tvinds are originated in the atmosphere, and on these currents 
depend in a great measure the essentials of climatic diversity. 
As a property of the gaseous or aeriform nature of the atmo- 
sphere, the vapour or minute watery vesicles, generated from the 
earth's waters by the heat of the sun, ascend and are diffused 
through its mass in an invisible state. This humidity of the 
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atmosphere also decreases with the height, and this in so rapid 
a ratio that at the altitude of 5 or 6 miles it is all but inappre- 
ciable. These vapours, invisible at first, become visible on being 
condensed by colder currents ; and hence arise fogs, mists, rains, 
snows, and other kindred phenomena. The effective portion of the 
atmosphere, so far as its heat and moisture are concerned, lies, 
therefore, within a few thousand feet of the earth's surface, all 
above the limit of 5 or 6 miles being inoperative or nearly so iu 
the production and regulation of climate. As the atmosphere is 
the medium through which the sun's heat is conveyed to and dis- 
seminated over the earth, so also it is the medium of his light- 
giving rays. Heat and light are alike indispensable to plants 
and animals, and, from the peculiar constitution of the atmo- 
sphere, as regards its varying density, moisture, &c., both are 
reflected and diffused so as to become most available to vegetable 
and animal life. 

143. Had the globe presented either one uniform surface of 
land or one uniform surface of water to the sun's rays, the inters 
changes of heat and moisture between the colder and warmer, 
the dryer and'moister regions of the atmosphere, would have been 
regular and continuous. But the earth's surface being composed 
of land and water in unequal proportions, and this land lying 
not only in irregular masses but presenting also irregular surfaces 
of highland and lowland, the movements of the atmosphere are so 
broken up and complicated that the winds and rains, the heat 
and cold, are rendered extremely variable — so variable, indeed, 
that Meteorology consists as yet more of collections of facts ana 
approximations to results than of ascertained and definable laws. 
Under these circumstances we shall glance merely at the leading 
features of the atmosphere — its heat, moisture, and motions — ^as 
bearing more directly on the climate, or weather-conditions, if we 
may so express it, of the earth's various regions. 



Its Heat and Moisture. 

144. In dealing with the subject of cUmate, the superficial or 
atmospheric temperature of the globe may be viewed as wholly 
dependent on the heat of the sun — the amount conveyed from 
within (paragraph 16) or radiated from the moon and other ex- 
ternal sources being by far too feeble to have any perceptible 
influence. As is well known, the solar rays exercise the greatest 
effect within the tropics, where they fall vertically or nearly so 
on the earth's surface, and that this effect gradually declines as 
we proceed through the temperate zones towards either pole. In 
other words, the higher the angle at which the sun's rays strike 
the earth the greater their heating power, and the lower the 
angle the less nie amount of heat imparted. We feel the truth 
of this every summer day, when the sun is high arhead during 
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the scorching noontide, and when his beams fall at a lower angle 
during the cooler afternoon. At whatever inclination they fall, 
there is always, as before explained, a certain amount of heat 
lost or extinguished in passing through the atmosphere ; and this 
amount for nearly vertical inddenoe within the tropics has been 
estimated at one-third ; for inclinations of less than 25 degrees 
at fully one-half; while at inclinations of 5 degrees scarcely one* 
twentieth of the solar heat is supposed to reach the surface. In 
this way 23° 44' 40^ on either side of the equator forms a belt within 
which the solar heat received is equal to what is received by all 
the rest of the world ; and hence the learner will perceive the 
applicability of the terms " torrid," " temperate,^' and " frigid " 
zones. Keeping out of view all minor moaifications produced by 
the peculiar disposition of sea and land, as well as oy the sun's 
alternate passage to the northern and southern hemisphere along 
the course of the ecliptic, it may be received as the first great 
axiom, that the superficisJ temperature of the globe is highest 
under the vertical mcidence of the sun's rays near the equator ; 
and that it gradually becomes lower and lower as we proceed to- 
wards either pole, and this in proportion to the obliquity at 
which the heat-giving rays fall upon the surface. 

145. The heat that falls on the land being partly absorbed and 
partly radiated into the atmosphere, the lower aerial strata, or 
those nearest the influence of this radiation, will be warmer than 
those at higher elevations. The rate at which this diminution takes 
place depends on many correlative circumstances — dryness, mois- 
ture, currents &c. ; but as a general rule, the decrease may be 
regarded as equal to 1° of Fahr. for every 300 or 350 feet of as- 
cent. In this way the lower plains of a region may be teeming 
with vegetation while the higher mountains are enveloped in 
perpetual snow. We have thus two great causes afiEecting the 
superficial temperature of the globe — distance from the equator, 
and elevation above the level of the sea ; so that at any given 
latitude it is much the same whether we travel towiurds the 
nearer pole or ascend a lofty mountain. In both we will meet 
with a gradually decreasing temperature, in both we will meet 
with a similar change in animal and vegetable life, and in both 
we will ultimately reach a limit of perpetual ice and snow. In 
the case of elevation, this limit is Known as the snow-line^ at 
which the air in summer attains the temperature of freeziug 
water, and though slightly modified by surrounding circum- 
stances, it varies primarily with the latitude — ascending from 
2000 feet within the polar circle to 15,000 or 16,000 feet in the 
vicinity of the equator. In the case of horizontal extension, the 
line of constantly frozen ground differs in either hemisphere — 
that in the northern (see Map of Isotherms) assuming an irregular 
course, in consequence of the unequal distribution of sea and 
land, and that of the southern being less determinable in conse- 
quence of the greater expanse of Antarctic Ocean. 

I 
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146. Another cause of variation in atmospheric temperature is 
the unequal reception and radiation of the sun's heat by the 
respective surfaces of land and water. The heat falling on the 
land is partly absorbed and conducted downwards into the soil, 
and partly radiated into the atmosphere. The amount absorbed 
will differ according to the colour, slope, and character of the 
land (dry, firm, and dark-coloured soiLs being most favourable 
for absorption) ; and according also as it is naked or shut out 
from the sun's rays by a covering of vegetation. The amount 
radiated differs with almost every passing condition of the atmo- 
sphere — radiation going rapidly forward under a still, clear sky, 
while a cloudy atmosphere, or even a passing mist, serves to 
retard it. The greater quantity of heat absorbed by day is given 
off by night ; and the amount accumulated during summer is re- 
turned to the atmosphere during winter. The depth thus affected 
by summer's heat or winter's cold will differ according to latitude, 
soil, and situation ; but, on the whole, it may be safely asserted 
that beyond 60 or 80 feet the temperature of the earth's crust is 
altogether unaffected by external influences. Indeed, for all 
practical purposes the superficial temperature of the land, as 
affecting climate, may be regarded as confined to. a very few feet 
beneath the surface — the slow conducting power of the soil and 
capillary attraction of moisture from below combining to limit 
its downward tendency. 

147. On the other hand, the heat that falls on the water is much 
more readily absorbed but more slowly radiated, so that, being 
diffused by waves and currents, it penetrates to a considerable 
depth, and accumulates within the mass of the ocean. The heat 
tliat falls on any zone of the land is absorbed and radiated wholly 
within that zone ; whereas that falling on any zone of the ocean 
is diffused and interchanged between every other zone. As the 
ocean radiates its heat more slowly than the land, and exposes 
more than thrice the sui'face to the sun's rays, it becomes, as it 
were, a great storehouse of heat for the exigencies of the land. It 
is for this reason that islands and seaboards possess a milder and 
more equable climate than the interior of continents— being 
warmer during winter and cooler during summer. The British 
Isles, with their comparatively cool summers and mild variable 
winters, are thus said to possess an insular climate ; while the 
interior of Germany, with its excessively hot summers and cold 
winters, is said, on the contrary, to possess a continental climate. 
In tropical latitudes, unaffected, of course, by winter, the interior 
of continents is always much warmer than the sea-coasts and 
adjacent islands. It is also for this reason that the northern and 
southern hemispheres, having unequal distributions of sea and 
land, are differently affected in their zones of climate — the 
greater extent of land in the northern imparting to it, as it were, 
a continental climate ; while the greater expanse of ocean in the 
southern confers on its similar latitudes more of an insular dimate. 
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'It is, farther, te this unequal reception of heat by land and water 
that we owe the phenomena of sea and land breezes. During day 
the atmosphere immediately above the land is more rapidly heated 
by radiation than that above the ocean, and hence the cooler sea- 

• breeze sets in towards the land to restore the balance ; while dur- 
ing the absencer of the sun the more rapidly cooled land atmo- 

"• sphere sets out as a land-bz^eeze. towards the more slowly cooling 
surface of the ocean. In fine, it is mainly owing to the unequsd 
disl^bution of sea and land, and to the different modes in which 
the two elements are affected by the sun's heat, that we owe the 
great essentials of climatic diversity — the air and ocean currents, 
the vapours and rains, of one region varying from the winds, 
ctirrents, and moisture of another. 

148. Whatever the temperature of the air, it is incessantly 
receiving Thoisture from the surface of the land and water. This 
vapour arises and is diffused through its mass in an invisible 
form, and becomes visible only when condensed into mists, fogs, 
rains, and snows. It arises alike from land and water, but most 
copiously and persistently, of course, from the surface of the water. 
The superficial moisture of the land, unless where clothed with 
vegetation, is rapidly converted into vapour; but the supply 
from this source is irregular and limited compared with that 
derived from the water. Surface for surface, salt water is less 
vaporisable than fresh ; hence a slight check to evaporation 
from the vast and extended surface of the ocean. It rises from 
levers, lakes, and seas in every latitude, but most abundantly, of 
course, within the tropics, where the sun's heat is the greatest. 
So great is the evaporation within that zone, that it has been 
estimated as annually sufficient to reduce the surface of the sea 
to a depth of 8 or IX) feet — a waste, of course, that is incessantly 
counterbalanced by influx from other latitudes. The warmer the 
air the greater its capacity for moisture ; and this capacity for 
holding moisture in suspension increases up to the point of satu- 
ration, when any reduction in temperature produces condensation, 
and rain ensues. 

149. As in the case of other n^eteorological phenomena, the 
circumstances connected with the production and retention of 
atmospheric vapour are extremely complicated : but in general 
terms it may be stated that heat is the grand promoter of evapora- 
tion ; that a gentle current of air, by removing the pressure of the 
vapour as it is formed, is more favourable than a stagnant atmo- 
sphere ; and that it is retarded by moist and cloudy conditions 
of the air, even though the sensation of heat be considerable. 
As previously mentioned, the humidity of the atmosphere is 
c6nfiped chiefly taits lower strata ; and so rapidly does the quan- 
tity diminish as we «scend, that at the height of five or six miles 
it becomes all but inappreciable. The quantity of moisture eva- 
porated from the sur&ce of the globe may differ from day to day, 
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and from year to year ; but on the whole, and for any given 
number of years, it is returned again in the state of dew, rain, 
hail, or snow. Understanding the general conditions of the atmo- 
sphere as regards its heat ana moisture, we may now proceed to 
its special effects in the production of winds, rains, and other 
kindred phenomena. 



Winds — Constant, Periodical, and Variable. 

150. As already explained, any current of the atmosphere pro- 
duced by inequality of temperature or density is termed a un^id 
— the denser and colder air rushing in to supply the place of the 
lighter and warmer. In other words, toind is air m motion ; 
and the most frequent cause of such motion is disparity of tem- 
perature between adjacent districts. As inequality of tempera- 
ture is ever arising alike from general and from local causes, the 
occurrence of winds is incessant and universal, either along the 
earth's surface, or in the higher strata of the atmosphere. While 
the colder current is flowing hdofw from the colder to the warmer 
region, a warm current is floating aihove from the warmer to the 
colder. As the homogeneity of the ocean is maintained by its 
currents, so the equilibrium and uniformity of the atmosphere is 
preserved by its winds. These winds, having difiEerent times, 
directions, and characters, are necessarily arranged into diflerent 
classes, and distinguished by various designations. As regards 
times, those blowing constajitly in one direction between, and 
within a few degrees beyond, the tropics (the Trades), are spoken 
of as permanent winds ; those blowing at certain perioas (the 
Monsoons, &c.), as 'periodical ; and those obeying no fixed period, 
as variahle. As concerns direction, they are distinguished by 
the points of the compass, as North, South, East, West, South- 
west, South-south-west, &c., according to the quarter from which 
they blow. And as regards inherent or climatic character, they 
are cold or hot, dry or moist, gentle or boisterous, healthful or 
unhealthful, according to locality and other accompanying con- 
ditions. One of the most obvious characteristics of winds, is 
their velocitv, which may varv from a few miles to upwards of a 
hundred miles an hour ; and between these extreme rates we 
have every variety, from the gentlest zephyr to the most violent 
hurricane. According to meteorological authorities, a velocity ot 
7 miles per hour is regarded as a gentle air ; of 14, as a light 
breeze ; of 21, a good sailing breeze ; of 41, a gale ; of 61, a great 
storm ; of 82, a tempest ; and of 92, a hurricane, producing univer- 
sal devastation — tearing up trees and sweeping away buildings. 

151. In whatever character they occur, winds are important 
agents in the production and modification of cUmate. By their 
agency the moist and heated atmosphere of one region is trans- 
ferred to another ; and on their agency also depend, in a great 
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measure, those currents of the ocean which are ever producing 
interch^ges between the colder and warmer surface-waters of 
different latitudes. Besides these great climatological functions, 
they are intimately concerned in the production of rains and 
other aqueous phenomena ; while their incessant commotions 
tend to preserve the atmosphere in ever-healthful equilibrium. 
Greologically, winds have considerable effect in removing, piling 
up, and re-assorting all loose superficial matters, as the sancf 
dunes of the sea-shore and the sand-drifb of the desert ; while 
through the agency of the ocean-waves, which are created by 
their power, important changes are produced along every shore 
of the world. In their gentler manifestations they assist in the 
fertilisation of plants and in the dispersion of their seeds ; while 
in their fiercer demonstrations their track is marked by ruin 
and devastation. By their impulse the commerce of distant 
nations is wafted from shore to shore ; and fickle and fitful as 
they may appear, man not unfrequently avails himself of their 
power to turn the wheels and shafts of his machinery. 

152. The most remarkable of the permanentf constant, or 
perennial air-currents are the Trade Winds (so called from 
their influence on the trade or commerce of the world), which, 
within the torrid zone and a few degrees beyond it on either 
side, are ever sweeping round the globe in a westerly direc- 
tion. This is occasioned by the fact that the region near the 
equator is most intenselv heated — the other zones becoming 
colder and colder towards either pole. Under these circum- 
stances, the air of the torrid zone becomes rarefied and ascends, 
while the colder and denser air sets in from either side to supply 
the deficiency. There are thus generated two great sets of cur- 
rents — colder under-currents setting in towards the equator 
respectively from the north and south, and warm upper- currents 
flowing off from the equator towards either pole. If, then, the 
atmosphere were subject to no other influence than temperature, 
a north mnd would always prevail along the earth's sur&ce in 
the northern Iiemisphere, and a south mnd in the southern 
hemisphere. But as the polar currents proceed towards the 
equator, they gradually come into zones having a greater velo- 
city of rotation, and thus they are deflected in a westerly direc- 
tion (as exhibited in the accompanying Sketch-Map), so as to 
become a north-east wind in the northern hemisphere, and a 
south-east wind in the southern. 

153. In the Pacific, the north-e^t trade-wind may be said to 
prevail between the 25th and 2d degrees of N. latitude ; while 
the south-east trade ranges more widely between the 10th and 
21st of S. latitude. In the Atlantic, on the other hand, the 
former is comprised between the 30th and 8th degree of N. lati- 
tude, and the latter, within the 3d of N. and the 28th of S. 
latitude. These limits, however, are not altogether stationary, 
but depend on the seasons — advancing towards the north during 
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the summer of the northern hemisphere, and reoedinff to the 
south as the sun withdraws to the southern tropic. Within these 
somewhat fluctuating zones, the trade-winds are steady and 
perennial, travelling at the rate of from ten to twenty miles an 
hour, and wafting onwards in safety the merchandise of the 
globe. As they approach the continents, their courses become 
interrupted in consequence of the unequal heating of the land 
and water surfaces ; hence within these coast-areas they assume 
the character of periodical, rather than of constant currents, bein^ 
deflected at certain seasons- from their normal north-east and 
south-east directions. 

154. As the north-east and south-east trades approach the 
equator of temperature, their currents begin to fiiil, and this 
effect, augmented by the upward tendency of the highly heated 
air of that region, produces a zone or belt of calms, which fluctu- 
ates a few degrees north and south, according to the seasons. If 
the approaching trades be equally reduced in any locality, a dead 
calm will be the result; but as this is seldom the case, the 
zone is also characterised by short gusty winds, which vary in 
force and direction according as either main current prevails. 
This zone of calms and variables, as it is termed, is further 
characterised by the frequency and intensity of its thunder- 
storms — the crossing and collision of currents of unequal densi^ 
ties being favourable to the manifestation of electrical phenomena. 
In the Atlantic, the region of calms (see Sketch-Map) ranges in 
August between 3° and 12° N. Lat. ; but in February it extends 
from 1° 16' to 6" N. Lat. A portion of this zone near the Cape 
Yerde Isles is known to sailors as "' the rainy sea ;" and is de- 
scribed as '^ a region doomed to continual calms, broken up only 
by terrific storms of thunder and lightning, accompanied by 
torrents of rain. A suffocating heat prevails, and the torpid 
atmosphere is disturbed at intervals by short and sudden gusts, 
of little extent and power, which blow from every quarter of 
the heavens in the space of an hour — each dying away ere it is 
succeeded by another. In these latitudes vessels are sometimes 
detained for weeks." In the Pacific, the region of calms is com- 
prised within the 2d degree of north and south latitude, near 
Cape Francis and the Galapagos Islands — a narrow belt separat- 
ing the two trades, and characterised by the same phenomena as 
the calm zone of the Atlantic 

155. Besides the Trade-winds, which are the most persistent 
of all aerial currents, there are certain winds in the higher lati- 
tudes which also blow with considerable continuity. The heated 
air which ascends from the tropics, and flows off towards either 
pole, gradually descends as it proceeds ; but as it passes from 
latitudes having a high to others having a less rotatory velocity, 
it is deflected from its original course, and assumes a south- 
easterly direction in the northern hemisphere, and a north<^ 
easterly in the southern. In this way the prevailing winds in 
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the higher latitudes of the northern hemisphere are from the 
southrwesty and those in the southern hemisphere from the north- 
west ; and though many causes — ^unequal distribution of sea and 
land, position of continents, irregularity of land-sur^e, &c. — 
tend to disturb this continuity, still, on the whole, there is a 
marked predominance of westerly winds. In our own islands, 
the fact must be sufficiently obvious to every observer ; in the 
North Atlantic, the average packet voyage from New York to 
Liverpool is 23 days, while the return voyage requires 40 days ; 
and in the vicinity of Cape Horn, westerly winds are three 
times more frequent than those from an easterly direction. 

156. Among the constant currents of the atmosphere must 
also be enumerated the north and south polar mnaSy which, as 
mentioned in the theory of the Trade-winds, are continually 
flowing north and south from either pole. Aiid further, as an 
under-current almost invariably implies the existence of an 
upper current in a contrary direction, we may notice also the 
upper west wind of the tropics, which, high above the Trades, 
seems constantly flowing in an opposite direction. Proofs of 
this upper ti'opical wind are found in the circumstance that dust 
ejected from the volcanoes of the West Indies has fallen on ship- 
deck several hundred miles to the eastward ; and also in the 
often-observed fact, that a similar wind prevails near the sum* 
mit of Teneriffe (12,0(X) ft.), while the regular tradewind is blow- 
ing from an opposite direction below. 

157. Of the periodical vnnds the most important are the MoK- 
SCONS (from the Malay word mxmssin, signifying seasons), which 
in certain countries within and near the tropics blow from a 
certain quarter for one-half the year, and from an opposite point 
during the other half— the period of change being marked by 
calms, tempests, and variables. In other words, the monsoons 
are but the trade-winds interrupted in their regular action by 
the geographical peculiarities of the regions in which they occur. 
From April to October, the south-west monsoon prevails north 
of the equator, and the southreast in the southern hemisphere ; 
but from October to April the north-west monsoon blows south 
of the equator, and the north-east in the northern hemisphere. 
Of course, the farther from the equator, the later in the season 
will the south-west and north-west monsoons occur; and thus 
it happens that in India, at Anjengo, on the Malabar coast, 8° 
3(y N. Lat., the south-west monsoon commences as early as the 
8th of April; at Bombay, 10** N. Lat., about the 15th of May; 
in Arabia it commences a month earlier than on the coast of 
Africa ; and in the northern part of Ceylon, fifteen or twenty 
days earlier than on the coast of Coromandel. 

158. The cause of the monsoons is to be sought in the eflect 
produced by the sun during his apparent annual progress from 
one tropic to the other, and has been thus explained : — *' In the 
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Indian Ocean, for example, as the sun advances towards the 
north, the zone of greatest rarefaction recedes from the equator, 
and the north-east monsoon (which is nothing more than the 
trade-wind) then subsides, and is succeeded by calms and vari- 
able winds * but as the summer approaches, and the sun arrives 
at the nortnem tropic, the southern portions of the Asiatic con- 
tinent become hotter than the ocean, and the humid air from the 
equatorial seas flows northward to the land ; south-west winds 
will therefore arise, which prevail from the peninsula of India to 
the Arabian Gulf, until the time of the autumnal equinox. Dur- 
ing the same period the south-east monsoon, in the southern 
hemisphere, tempers the heat of Lower Guinea, and brings rain 
to the shores of Brazil. The motions of the atmosphere, how- 
ever, are reversed as the sun crosses the equator and approaches 
the southern tropic. Pouring his fervid rays upon Southern 
Africa, the vast tract of New Holland, and the splendid clime of 
Brazil, the air flows in from the north and north-west towards 
these highly heated regions, and winds from these quarters pre- 
vail for several months — the monsoon extending along the coast 
of Brazil from Cape St Augustine to the Isle of St Catherine. 
But now the influence of the sun is partially withdrawn from 
Southern Asia ; it glows no longer beneath its vertical rays, and 
over the cooled earth the north-east monsoon resumes its wonted 
course." 

159. Equally remarkable for their persistency, though local in 
their areas and limited in their times, are the lana and sea 
breezes, which occur on almost every seaooard, but most notably, 
of course, within the tropics. As formerlv explained, these 
breezes arise from the unequal heating of the land and water 
surfskces, and become most decided where this inequality is 
greatest. During day the land-surface, from its low conducting 
power, acquires a more elevated temperature than the adjacent 
waters, and the air above it, partaking of this heat, becomes 
rarefied and ascends, while the cooler and denser air from the 
ocean sets in as a sea-breeze to restore the equilibrium. This 
sea-breeze, especially in tropical latitudes, commences about nine 
in the morning, gradually increases in force till the middle of the 
day, and falls away as the sun declines in the afternoon. As 
evening approaches, the air over the surface of the land becomes 
more rapidlv cooled by radiation than that over the water, and 
then a cool land-breeze sets out towards the ocean, blows freshly 
during the night, and dies away towards morning, when the sea- 
breeze again commences. The extent of these breezes is exceed- 
ingly variable. In some localities they blow onlv for a few miles 
out and in of the shore-line, while in others their bracing and 
refreshing influence is experienced for many leagues in either 
direction. 

160. Owing to the mobility of the atmosphere, and the many 
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causes that may temporarily affect its temperature aud density, 
the variable winds are exceedingly numerous and capricious — so 
capricious, that ** fickle as the wind " has become an established 
simile in every extra-tropical country. We say extra-tropical, 
for within the tropics the Trades and Monsoons are the prevalent 
winds, and these, as we have seen, maintain a remarkable degree 
of permanency and periodicity. But in extra-tropical regions, 
where the force of the permanent winds becomes feeble, a thou- 
sand causes (as unequal distribution of land and water, nature of 
soil, irregularity of 8arface,&c.) occur to disturb these currents, and 
thus almost every district has its temporary winds — varying in 
direction, force, and duration. Fickle and uncertain as they may 
appear, they ai*e, nevertheless, the results of law and law-directed 
forces ; but these forces being so complicated, comparatively little 
has been determined in this department of meteorology. For 
this reason we shall merely advert to a few of the local winds 
that have become specially noticeable, either for their frequency 
or for their physical characteristics. 

161. Generally speaking, in the higher latitudes of the northern 
hemisphere, a south wind is warm and moist, because it comes from 
warmer re^ons, and passes over a greater extent of ocean ; while, 
oh the contrary, and for opposite reasons, a north wind is cold 
and dry. It is for this reason that the westerly and south-westerly 
winds of Europe are humid and genial, and the north and north" 
easterly hard and ungenial. These major currents are of course 
much modified in their passage over certain localities, and hence 
the various characteristics assigned to the Etesian Winds (Gr. 
etesios, annual) that prevail very much in early summer all over 
Europe. One of the most noticeable of local winds is the tSimoom 
(Arabic, hot and poisonous) — a hot suffocating blast that occurs 
in most countries bordering on sandy deserts, especially in cer- 
tain parts of Asia and Africa, where its temperature has been 
noted as high as 120 and 130 degrees. Coming from the arid 
desert, and laden with the minutest particles, it often gives a 
reddish colour to the atmosphere, and thus forewarns the tra^ 
veller to take shelter from the approach of its pestilential breath. 
In Turkey it is called the tSamieli ; in Egypt, Khamsin (fifty), 
because it usually continues fifty days ; and in Guinea and Sene- 
gambia, ffarmattan. The Sirocco (Arabic) is another hot, parch- 
ing wind, that occasionally passes over Sicily and adjacent dis- 
tricts, and is supposed to originate in the Sahara, or great burn- 
ing desert of Africa. The Solano (Lat. sol, the sun) is a similar 
south-west wind that occasionally visits the Spanish peninsula, 
and, blowing from the direction of the African deserts, is re- 
garded as a modified sirocco. 

162. In Buenos Ayres, Pampero is the name given to a violent 
west wind, which, traversing the arid plains of the Pampas, raises 
whirlwinds of dust, and carries them forward to the coast of the 
Atlantic The pamperos seem to be portion of the return or 
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north-west trade-winds. In Peru, between the Cordilleras and 
the Andes, at the height of 12,000 feet, are vast tracts of desolate 
table-land, known by the name of the Pwna. These regions are 
swept for four months in the year by piercing cold winds (the 
Funa Winds) from the snowy peaks of the Cordilleras, which are 
so extremely dry, and absorb moisture with such rapidity in their 
passage, as even to prevent putrefaction in dead animal bodies. 

163. Among the most remarkable of the variable winds are 
those familiarly known as Whirlwinds, and technically as T(yr- 
nadoes, Typhoons, and Cyclones. Properly speaking, a whirlwind 
43 an aerial current that assumes a rotatory, whirling, or spiral 
motion. Whirltvinds are often of great violence, but fortunately 
of short duration, and are most frequently caused by the meeting 
of contrary winds, though sometimes by obstructions of the land, 
as precipitous mountains, narrow gorges, and the like. Their 
occurrence at sea produces waterspouts^ and on the sands of the 
desert sand-pUlars, and kindred phenomena. Tornadoes (Span. 
toumar, to turn) are merely violent whirlwinds, though the term 
is usually applied to such as are accompanied by lightning, thun- 
der, and rain. Typhoons (Gr.) are literally also tempests or whirl- 
winds ; but the name is specially given by navigators to the hur- 
ricanes that visit (generally from June to November) the seas of 
southern China and the adjacent archipelago of the Phillipine 
and Molucca islands. Cyclme (Gr. kuMos, a circle or whirl), on 
the other hand, is now the technical term applied by navigators 
to those rotatory hurricanes which occur most frequently between 
the equator and the tropics, and near the equatorial limit of the 
trade-winds. They sweep round and round with a progi^essive 
motion, their course describing a curve, and their violence being 
greater the narrower the limit of their whirl. In both hemi- 
spheres the rotation of a cyclone is comJtrary to that of the sun — 
those in the northern hemisphere moving counter, so to speak, 
to the motion of a watch hand ; those in the southern following 
that motion. 



Dew, Bain, Hail, Snow, &o. 

164. Closely connected with the winds, and greatly influenced 
in their character by them, are the dews, rains, snows, and other 
aqueous phenomena which enter so largely into the determination 
of climate. The consideration of these subjects belongs especially 
to the province of Meteorology, but as much may be here recapi- 
tulated as will enable the learner to trace their connection with 
his immediate study of Physical Geography. As already stated, 
insensible vapour to a greater or less amount is always present in 
the atmosphere as one of its accidental ingredients. The warmer 
the air the greater its capacity for this moisture ; hence the greater 
amount taken up during the heat of the day. After sunset the 
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earth and air lose their heat by radiation into space, bat the for- 
mer parts with it more rapidly ; and hence on its cooled surface 
the moisture in the air is condensed as deto^^uat as the outside 
of a cold-water bottle is bedimmed or bedewed with moisture on 
being brought into the warmer air of a sitting-room. Dew is, 
therefore, the moisture insensibly deposited from the atmosphere 
on the surface of the earth ; and what is termed the dew-point is 
that temperature of the atmosphere at which it begins to be preci- 
pitated. Dew never begins to be deposited upon the surface of any 
body until it is colder than the contiguous atmosphere ; and the 
quantity deposited depends chiefly upon the humidity, serenity, 
and tranquillity of the atmosphere, as well as on the constitution, 
surface, and locality of the bodies receiving the moisture. Still, 
clear nights are, therefore, more &yourable for the deposition of 
dew than windy and cloudy ones ; and all substances like glasK^ 
silk, wool, grass, &c, which rapidly lose their own heat and slowly 
acquire that of others, are susceptible of being copiously bedewed ; 
while substances like rocks and metals, which possess opposite 
qualities, contract but little dew. In temperate zones, where the 
frequent interchange of sun and shower preserves the earth from 
the extremes of heat and moisture, very little dew is deposited ; 
but in tropical regions, where the day-heat is excessive, and no 
rain falls for mouUis, the dews are most abundant and refreshing. 
But for this beneficent arrangement many intertropical countries 
would be altogether sterile and barren of vegetation. 

165. When the temperature of the air is reduced below that of 
the invisible vapour it contains, the moisture becomes visible, and 
appears as fogSj mists, and other kindred phenomena. These 
fogs occur most abundantly along the courses of rivers, on moun- 
tain sides, over shoals and banks at sea, and generally along the 
seaboards of continents and islands ; and this obviously in con- 
sequence of the unequal temperature of the contiguous lands and 
waters. Like dews and rains, fogs exercise a refreshing influence 
on vegetation, and in some countries, like Peru, their occurrence 
is periodical and regular. Glovds have been defined as " masses of 
visible aqueous vapour which float in the sky, or drift through it 
with the wind, assuming every variety of colour and form." As 
clouds they exercise but an indirect effect on terrestrial climate, 
and it is only when they break, by further condensation, into 
rain, snow, and hail, that they come directly within the province 
of the geographer. 

166. The precipitation of water from the atmosphere in the 
form of rain depends chiefly on the further condensation of clouds 
and fogs by the commingling of colder and warmer currents. 
The capacity of air for moisture decreases at a faster rate than 
the temperature, and thus the mingling of two currents only 
slightly differing in temperature may so reduce this capacity, that 
heavy rain&Us will take place even where there is no great de- 
crease in atmospheric warmth. Where the temperature of the 
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air falls below the freezing point (32° Fahrenheit), the atmospheric 
vapour may be converted into srtow ; or if rain has been already 
formed in the upper air, the drops in passing through strata be- 
neath the freezing point will be converted into haU, Bain, hail, 
and snow are thus to a certain extent convertible phenomena : 
hail occurring in all latitudes and climates ; but snow only in the 
colder latitudes, and at elevations where the thermometer con- 
tinues below 32^. Winds being the great natural agents by 
which the colder and warmer masses of the atmosjmere are 
brought into combination, rains will occur most frequently where 
these currents are shifting and variable. Where the winds are 
constant and of equable temperature, rain seldom happens, un- 
less at points where these currents impinge on lofty mountains, 
and carry up the air of the sea and plains into the colder regions 
of the atmosphere. As the capacity of the air for moisture in- 
creases with the temperature, it must happen (other things being 
favourable) that the amount of rainfall is greater in warm than 
in cold latitudes, and greater also in low-lying than in elevated 
districts. 

167. For the foregoing reasons the amount of rainfall is greatest 
within the tropics, and decreases as we advance north or south 
into higher latitudes. It is also greater at the sea-level and 
moderate elevations than it is on lofty table-lands and mountains. 
In like manner more rain descends upon the coasts than upon 
the central regions of a country — the humid air from the ocean 
gradually parting with its moisture as it is borne farther and 
farther inland. In Britain, for example, where the prevalent 
winds are from the Atlantic, the annual rainfall on the west coast 
is about 37 inches, while on the east side of the island it rarely 
exceeds 25 inches. It must be observed, however, that though 
the annual rainflEdl within the tropics is greater than in higher 
latitudes, the number of rainy days are fewest within the tropics, 
or where the winds are constant, and most numerous in the higher 
latitudes, where the winds are shifting and variable. Thus, be- 
tween 12° and 43° N. Lat, the number of rainy days is stated at 
78 ; between 43° and 46°, 103 ; between 46** and 60°, 134 ; and 
between 50° and 60°, as many as 161. Of course, since the rainy 
days are fewer in low latitudes, and the annual amount of rain- 
fall greater, the rains must be much more powerful — a fact suf- 
ficiently recorded by all travellers in tropical regions. 

168. Understanding these principles, and bearing in mind 
what was stated regaSrding the constant, periodical, and variable 
winds, the learner will readily perceive — 1. Why heavy and fre- 
quent rainfalls should take place within the so-called zone of 
<»dms, where evaporation is excessive, and the air often gusty and 
variable ; 2. Why rain should seldom fall at sea within the region 
of the steady and equable trade-winds ; 3. Why the rains within 
the range of the monsoons should be periodical, and the year 
divided into two seasons, a wet and a dry ; 4. Why the rains in 



150 CLIMATOLOGY. 

the higher latitades shoald occar at no fixed period, but be irre- 
galarly distributed throoghout the year ; 5. Why some regions, 
nke the central deserts of Africa and Asia and the coasts of Peru, 
shoald be altogether rainless ; and, 6. Why almost '.constant rains 
shoald occur m some countries, like Guiana; while in others 
showers of excessive violence shoald occasionally fall, adding to 
their annual rainfall as much in the space of a few hours as 
ordinarily happen during the course of many months. As may 
be expected, the annual rainfall of these different regions wiU 
differ very widely ; and will be attended, of course, by propor- 
tionate results — ^heavy falls being beneficial in hot countries, and 
moderate supplies in temperate and milder zonea In the British 
Islands the annual fall (as ascertained by rain-gauge) ranges from 
24 to 60 inches, or has an average about 36 inches; while in 
tropical countries the mean is upwards of 200 inches. As much, 
however, as 229 inches has been noted in Dutch Guiana, 276 in 
Brazil, 302 at an elevation of 4200 feet in the Western Ghauts, 
douth of Bombay ; and in the Khasia Mountains, at the head of 
the river-flats or Jheels of Bengal, upwards of 600 inches or 50. 
feet, have been registered by several observers. At the same place, 
Dr Hooker has recorded 30 inches in twenty-four hours ; 21 
inches have been noted at Cayenne during the same period ; and 
23 inches are not uncommon near. Port Jackson in New South 
Wales. 

169. Extending the facts alluded to in the preceding para- 
graphs, the rain&U of the globe may be arranged under three 
great heads — the periodical of the tropics ; the vaiiable of the 
higher latitudes ; and the abnormal of certain districts where it 
occurs either in excess or is altogether absent. Within the 
tropics the rainy season commences at the shifting of the mon- 
sooDS ; and as this change is dependent upon the position of the 
sun, it begins earlier in those regions that lie near the equator 
than in those more remote. In general terms, the rainy season 
in the northern half of the torrid zone may be said to commence 
with April and last till October, while the diy season extends 
from October till April. In the southern half this order is re- 
versed — the dry season embracing from April till October, and the 
season of rain from October till April. In Africa, for instance, 
near the equator, the wet season be^ns in April and continues 
till October ; while in Senegambia it does not commence till June, 
and then lasts till November. In India, on the Malabar coast, 
the rains commence early in May, but do not reach Delhi till near 
the end of June. In the New World, also, the rain falls at Panama 
early in March, but it seldom appears in California before the 
middle of June. Of course, within the tropics as elsewhere, the 
regularity of the periodical rains is interrupted by the configura- 
tion of the land, mountain chains, and similar causes ; and hence 
the peculiarities that mark the times as well as intensities of the 
wet and dry seasons of such areas as the east coast of Africa, the 
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Bed Sea, the Malabar coast, the Coromandel coast, and the coasts 
of Aastralia. On the Malabar coast, for example, the south-west 
monsoon (coming from the humid region of the equatorial ocean 
to supply the place of the highly rarefied air of the heated con- 
tinent) is said to be *' ushered in by terrific storms of thunder and 
lightning. The water pours down in torrents, and when the 
thunder has ceased, nothing is heard for several days but the 
rush of the descending rain, and the roar of the swelling streams. 
In a few days the storm ceases, and the earth, which before was 
withered by the glowing atmosphere of the dry season, is now, 
as if by magic, suddenly clothed with the richest verdure ; the 
air above floats pure and balmy, and bright tropical clouds sail 
tranquilly through the sky. Aner this, the rains fall at intervals 
for the space of a month, when they again retum*with great vio- 
lence. In July they attain their height, and from that time 
gradually subside until the end of September, when the season 
closes, as it began, in thunders and tempests." On the eastern, 
or Coromandel side, the order of things is reversed. The south- 
west monsoon, in passing over the western Ghauts and the cen- 
tral table-land of the Deccan, parts with all its moisture, and 
reaches the eastern side as a hot, dry wind ; and it is not till the 
north-east monsoon begins to prevail in October that the rainy 
season is experienced on the coast of Coromandel. 

170. Beyond the tropics the rains no longer occur at stated 
periods, but become variable — that is, are distributed throughout 
the year in a very irregular and uncertain manner. In some coun- 
tries they occur most frequently in winter ; in some, in spring and 
autumn ; and in others, again, most abundantly in summer. Thus, 
the amount that falls in the west of England in winter is said to 
be eight times greater than that in summer ; in Germany the winter 
and summer amounts are about equal ; but in St Petersburgh the 
winter fall is little more than a third of what descends in sum- 
mer. Again, in Britain, there are more rainy days in winter than 
in summer ; but in Siberia it rains four times as often in sum- 
mer as in winter. The countries of Europe bordering the Medi- 
terranean are generally regions of winter rains ; while those 
of Western Europe are distinguished rather by the abundance of 
their autumnal rains. In Europe north of the Alps, the north- 
east winds (as coming from the higher and colder latitudes) are 
comparatively dry ; while those from the south-west (from the 
humid expanse of the Atlantic) are warm and laden with mois- 
ture. On the eastern coast of North America the reverse holds 
good, and the north-east winds borne from the ocean give rise to 
the long-continued rain-storms of spring and autumn. 

171. As might be expected, the districts of excessive rainfall 
lie within the tropics, and mainly in the immediate neighbour- 
hood of the equator. In the New World, Brazil, Guiana, the 
West India Islands, Central America, and the shores of the 
Mexican Gulf, are all notable for their heavy and continuous rains ; 
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vlule in the Old World, the costs of Guinea and Senegambia, 
Eastern Africa^ India, and the Indian Archipelago, are remark- 
able for similar phenomena. (See Bain Map m Atlas.) As some 
regions are celeorated for their rainy character, so others are 
equally remarkable for the entire absence of rainfall. Of these 
rainless tracts the more noted are the great desert lands of Africa^ 
Arabia, Persia, and Mongolia — an almost continuous area, vary- 
ing in breadth from the 15th to the 47th parallel, and in len^h 
from 16° west to 118° east longitude. Except on its borders Uds 
vast expanse is all but absolutely rainless, ite heated atmospher^ 
readily absorbing and converting into invisible vapour whatever 
humidity may be carried towards it from adjacent regions. 

172. Of the other aqueous phenomena more immediately bear- 
ing on climate, the limits of an introductory sketch will only per- 
mit the briefest allusion to hoar-frost, snow, hail, and those ac- 
cumulations of frozen water known as glaciers and icebergs. 
Hoar-frost is produced in the same manner as dew, and occurs 
chiefly in early spring and autumn, during serene nights, and 
when the surface of the earth falls below the freezing point. 
Whatever prevents the rapid radiation of heat (overhangmg foli- 
age, passing clouds and currents), arrests the formation of hoar- 
frost, which is often very destructive to tender plants and to 
buds and blossoms in early spring. Snow is the frozen moisture 
that descends from the atmosphere when the temperature of the 
air at the surface of the earth is near or below the freezing point 
of water. Of course, at the sea-level within the tropics, and for 
fifteen or twenty degrees beyond them in either hemisphere, snow 
is unknown (see Bain and Snow Map in Atlas) ; and it is only dur- 
ing winter that it falls in the higher latitudes, and at consider- 
able elevations. In the polar re^ons, and at extreme heights in 
all latitudes, it becomes perennial ; and this limit at which it 
remains uni^ected by the heat of summer is known as the snoto- 
line, or less accurately, perhaps, as the line of perpetual congela^ 
tion. The lower the latitude — that is, nearer the equator — ^the 
higher the snow-line, which descends constantly, but somewhat 
irregularly, according to the nature of the situation, as we pro- 
ceed towards either pole. The following diagram will convey 
some idea of its gradual descent from 16,000 feet at the equator 
down to the sea-level at the poles. From the equator to latitude 
30** there is little variation in the height of the snow-line, unless 
there be some peculiarity as regards winds and moisture in the 
situation ; but from 30° to 60° the descent is very rapid, and the 
limit rapidly approaches the sea-level, as was formerly noted in 
Chap. Vl., on Mountains and Mountain-Systems. As hoar-frost 
may be said to be frozen dew, and snow frozen mist, so hail 
may be described as frozen rain. It occurs in all latitudes and 
at all seasons ; and though the producing causes are not always 
discernible, it seems mainly dependent on the meeting of aerial 
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cvurents of greatly unequal temperatures, as well as on peculiar 
electrical conditions of me atmosphere. Falling in pellets from 
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the size of a pea to that of a pigeon's eggy hail-storms are fre- 
quently very destructive, but luckily are always restricted to 
limited areas. 

173. As snow must accumulate on all mountain-ridges above 
the snow- line, as well as on the surface of all polar lands within 
the limits of perpetually frozen ground, it will become more or 
less compressed, and this compression will be greatly augmented 
by its partial meltings in summer, as also by the falling and 
freezing of rain and other atmospheric vapours. From this ac- 
cumulation, compression, and re-freezing, arise avalanches, gla- 
ciers, icebergs, and other kindred phenomena. Avalanches (Fr.) 
are accumulations of snow, or of snow and ice, which are fre- 
quently precipitated with destructive violence from lofty moun- 
tain-ridges, like those of the Alps, into the valleys and plains 
below. They originate on the higher slopes, and begin to de- 
scend when the weight of their mass becomes too great for the 
declivity on which it rests, or when fresh weather destroys its 
adhesion to the sarface. Glaciers^ on the other hand, are accu- 
mulations of ice, or of ice and snow, which collect in the valleys 
and ravines of snowy mountains like the Alps and Himalayas, or 
on boreal uplands like those of Greenland, and which move down- 
wards (partly by their own gravity and partly by the expansion 
of the freezing water that falls into their crevices and fissures) 
with a peculiar creeping motion, smoothing the rocks over which 
they pass, and leaving mounds of debris ijnoraines), lateral and 
terminal, as they melt away. In mountain-gorges, glaciers de- 
scend as ice-streams till, coming below the snow-line, they begin 
to melt and disappear ; but on polar lands, where they cover 
almost the entire surface, they move downwards to the sea-shore, 
and there, losing their support, the advancing fronts break off 
and are floated away as icebergs (ice-mountains) and ice-floes (ice- 
islands). Such ice-masses have been met in the Arctic and Ant- 
arctic Oceans several miles in circumference, rising from 40 to 
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200 feet above the water, and loaded with stones and shinglf^. 
Some idea of their size may be formed from the fact that little 
more than a tenth of their bulk rises above the water, the speci- 
fic gravity of ice being only 0.9. As they are floated by the 
polaj* ciirrents to warmer latitudes they melt away, dropping 
their burden of boulders and debris on the bottom of the ocean. 
" Fields " and " packs " of such ice are familiar phenomena both 
in arctic and antarctic waters — the bergs of the north being 
seldom carried southward in the Atlantic beyond the 44th 
parallel of latitude, while those of the south are not unfrequently 
found northward as far as the Cape of Good Hope, or, on an aver- 
age, at 10 de^es lower latitude. 

174. As chmatological agents, snow and ice have considerable 
influence on the regions in which they occur. Accumulating on 
mountain heights, they are the perennial sources of the springs 
and streams that descend to refresh and fertilise the thirsty low- 
lands; while in tropical countries the winds that pass over 
them are cooled, and flow downwards to temper the sultry atmo- 
sphere of the plains below. Masses of floating ice are productive 
of similar results, the seas and coasts in their vicinity being 
cooled by their presence, and fogs and rain-storms generated as 
they melt away. In the higher latitudes, on the other hand, 
where the winters are severe, snow forms a warm covering for 
the soil (the snow-blanket, as it is termed by farmers), and greatly 
defends vegetation from the rigour of the frost. Within the 

Solar circle, also, the darkness of the long winter is considerably 
iminlBhed by the snow-sheen or snouhbhnk — snow reflecting, in- 
stead of absorbing like the bare ground, the faint light that 
there proceeds from the sky. The grinding, grooving, and 
smoothing eflects of glaciers on rock-surfaces, and the rock-trans- 
porting powers of icebergs, are facts now well known to Geology ; 
and though their consideration belongs more immediately to that 
science, the results now and in time past cannot be altogether 
overlooked by the student of Physical Geography. 



Causes affecting Climate. 

175. In its technical sense, the term climate (Gr. klima, an in- 
clination) denotes an imaginary belt of the glooe parallel to the 
equator, and so called by the earlier geographers, because the 
differences of these climes depend on the inclination or obliquity 
of the sphere. Between the equator and the polar circle there 
were twenty-four such climatic belts — each depending on the 
increasing length of the day (half an hour's increase for each belt), 
and of course expanding in breadth from the equator towards 
the poles. From the polar circles to the poles there were six 
climes — the differences of the longest day in their case being 
counted by monthly periods instead of half-hours. The term is 
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now employed in a much wider sense, as embracing the entire 
weather-conditions of any district, and as such we shall now pi*o- 
ceed to consider its relatious. Although the climate of a locality 
is mainly dependent on its heat and moisture, yet so many cir- 
cumstances tend to disturb and modify these conditions, that the 
subject becomes extremely complicated and difficult of determi- 
nation. Latitude, height above the sea, distance from the ocean, 
nature of soil, distribution of land and water, direction of moun- 
tain-chains, winds and rains, currents of the ocean, cultivation, 
and the like, all exert their influence in modifying the weather- 
conditions or climate of any special locality. Our limits, however, 
will only permit a brief allusion to the more influential of these 
modifying causes. 

176. As repeatedly stated, the main element in climate is the 
amount of heat received by the sun, and this diminishes (par. 
144) according to the latitude or distance from the equator. Ow- 
ing, however, to the obliquity of the earth's orbit, the regularity 
of this decrease is alternately interrupted in either hemisphere, 
and the respective length of day and night at opposite seasons 
becomes an important element in climatic diversity. Within the 
tropics day and night are all but equal — the longest day being 
little more than thirteen hours, and the shortest nearly eleven. 
In the latitude of Greenwich the longest day is nearly seventeen 
hours, and the shortest only seven ; while, within the polar circles, 
there is a brief summer period when the sun never sets, and a 
corresponding winter season when he never rises. Bearing these 
facts in mind, it will be readily understood why the year, within 
the tropics, is divided into two seasons — a wet and a dry. The 
latter is regarded as the summer, and the former as the winter, 
but they are in direct opposition to the astronomical seasons, as 
the rains (par. 169) follow the sun. In some inter -tropical 
countries, as the West Indies, there are two rainy seasons and 
two dry seasons within the year. In the temperate zone, again, 
the year is divided into four seasons — spring, summer, autumn, 
and winter ; but this regular succession of climatic change can 
hardly be considered as extending farther than from the 35th to 
the 60th parallels. In the frigid zones, on the other hand, only 
two seasons are known — a long and severe winter, during a por- 
tion of which the sun never rises above the horizon, and a brief 
but fervid summer when that luminaiy never sets. From these 
circumstances it will be at once perceived that the torrid zone 
is the region of greatest heat throughout the year, with com- 
paratively little difference between its seasons ; that the tem- 
perate zones stand next in order as regards the annual amount 
received, but experience great difference of temperature during 
the successive seasons ; and that the frigid zones are regions of 
small annual heat, and at the same time subjected to seasonal 
extremes. Such is the general climatic order as regards latitude ; 
though^ owing to the smaller extent of land, the decrease of heat 
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as we depart from the equator is more rapid in the southern 
than in the northern hemisphere — so that, on a general average, 
the latter is about 3^° warmer than the former. 

177. Altitude is the next great modifier of climate, but owing 
to many correlative circumstances (prevalent winds, slope, prox- 
imity to the sea, &c.), its operation is not altogether uniform. 
As formerly stated, a decrease of 1° Fahr. takes place in the 
lower regions of the atmosphere for every 300 or 350 feet of 
ascent ; but at great heighto and in extreme latitudes the de- 
crease is more rapid. As it is, under every latitude the loftier 
mountains (Himalayas, Alps, Andes, &c.) are perpetually covered 
with snow ; the higher plateaux (Mexico, Bolivia, Armenia, 
Thibet, &c.) are several degrees colder than the contiguous low- 
lands ; and in temperate zones such table-lands experience much 
greater extremes of summer's heat and winter's cold than the 
surrounding districts — having, like Spain, Armenia, and Persia, 
summers of tropical heat and winters of almost polar severity. 
Another great cause of modification is the unequal reception and 
radiation of heat by land and water (par. 146), by which islands 
and sea-coasts are rendered cooler in summer and warmer in 
winter than inland tracts — creating what has been termed in- 
sular and continental climates. Britain, New Zealand, and Tas- 
mania enjoy, in this respect, insular climates ; Germany, Central 
Bussia, and Tartary, continental ones. Connected with this, and 
depending on the set of the trade-winds and ocean-currents, may 
be noticed the observation of Humboldt, that the continents and 
larger islands in the northern hemisphere are warmer on their 
western than on their eastern sides ; while in the southern hemi- 
sphere the reverse holds good — the western being the colder and 
the eastern the warmer. 

178. It would exceed the limits of an introductory outline to 
describe in detail the many causes concerned in the modification 
of climates ; but besides those of latitude, altitude, and prox- 
imity to the sea, may be noticed the following : — 1. The direction 
of mountain-chains, which, by intercepting cold winds, renders the 
countries on one side warmer than those of the other ; and in 
like manner, by intercepting moist winds, favours the production 
of rain on the windward slopes and droughts on the leeward or 
sheltered declivities. The eastern slopes of the Andes, for ex- 
ample, intercept the humid trade-winds from the Atlantic ; their 
counter-slopes on the Pacific side are arid and rainless. 2. The 
general inclination or slope of a district, as this may lie to the 
heat of the morning and noonday sun, or be turned to the feebler 
rays of his afternoon and evening declension. 3. The prevailing 
winds of a region, as these may be cold or warm, dry or humid. 
The westerly winds of our own island are humid and warm — the 
easterly are cold and dry ; hence the greater rainfall and mild- 
ness of our western coasts as compared with the eastern. 4. As 
with winds, so, in like manner, with the influence of oceanic 
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currents. The Gulf Stream, by bringing warmth and moisture, 
mitigates the winter climate of Western Europe ; the Arctic cur- 
rent, on the other hand, tempers the summer climate of the 
eastern shores of North America. 6. The direction of river- 
plains and valleys, as they open out to favourable winds and 
ocean-currents. The westerly reception of the Ehine basin pro- 
duces a finer climate than the easterly trend of the Danube, even 
though the latter be several degrees farther south; and the 
southerly slope of the valley of the Bhone enjoys amenities 
unknown in the westwardly-trending basins of the Loire and 
Garonne. 6. Cultivation has also a marked effect on the cli- 
mate of a country — the felling of forests, draining of lakes and 
morasses, and the like, being all favourable to greater dryness, 
waimth, and general amenity. 

179. Under these circumstances, it will readily be perceived 
that the belts of climate can by no means correspond with the 
parallels of latitude, but that it requires a long series of obser- . 
vations to determine the seasonal temperatures of summer and 
winter, and also a careful average of these to ascertain the mean 
yearly temperature of any given locality. If the surface of the 
globe had been all water, or all land of equal altitude, the par- 
allels of latitude would have determined the lines of climate; 
but this not being the case, the daily temperature, the summer 
and winter temperatures, as well as the mean annual temperature 
of any two places in the same latitude, may diflfer very consider- 
ably. In this way the maximum summer heat of an island may 
be several degrees below that of a continental country between 
the same parallels, while its winter temperature is many degrees 
higher. In this way, also, the mean annual temperature of some 
island or sea-coast may be equal to that of some inland district 
situated several degrees neai'er the equator. A series of lines 
drawn through places having the same summer temperature 
show these variations at a glance, and are termed isotkeral lines 
(Gr. isos, equal, and theros, summer), or lines of equal summer 
heat ; those through places having the same winter temperature 
isocheimonal lines (Gr. isos, and cheimon, cheimonos, winter) ; and 
those connecting places of the same mean annual temperature, 
isothermal lines (Gr. isos, and ihenn^y heat). The difference be- 
tween the summer and winter temperatures may amount to 2°, 
20°, 40°, or more degrees of Fahrenheit ; but the isothermal lines 
show the mean amount of heat received throughout the year, and, 
of course, are the more correct indicators of the general climatic 
conditions of any given locality. In the accompanying Sketch- 
Map the isotherms are laid down for every ten degrees, and their 
bendings northward and southward (according to distribution of 
land and water, altitude, distance from sea, &c.) convey to the eye 
instructive proofs of the operating causes adverted to in the 
foregoing paragraphs. 
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RECAPITULATION. 

In the preceding chapter attention has been directed to the 
Climatology of the globe — that is, to those weather-conditions on 
which its vegetable and animal life are so intimately dependent. 
The main medium of climate being the Atmosphere, it was ne- 
cessary to advert to its nature and composition as an integral 
portion of our planet. As an aerial fluid^ it consists of an admix- 
ture of 79 parts nitrogen and 21 oxygen, together with a small 
but variable proportion of carbonic acid gas, traces of ammonia, 
&c., and always holding in suspension less or more of aqueous 
vapour in a visible or invisible form. Constituted as plants and 
animals are, this composition is indispensable to their existence 
— the former assimilating carbonic acid and exhaling oxygen, the 
latter, in counterbalance, exhaling carbonic acid gas and consum- 
ing oxygen. Light and invisible as this aerial envelope may 
appear, it exerts a pressure on the earth's surface, at the sea-level, 
of about 15 lb. avoirdupois to the square inch — a pressure which 
is balanced by a column of mercury 30 inches in height ; hence 
the barometric column of the meteorologist, and the rise and fall 
of the barometer according to changes in the weight of the atmo- 
sphere. As an elastic or compressible medium, its lower strata 
are denser or heavier than those at great elevations ; and as its 
capacity for heat and moisture decreases with its rarity or atten- 
uation, the higher regions of the air are colder and drier than 
those at a lower elevation. As the medium through which the 
light and heat of the sun are conveyed to the terraqueous surface, 
the atmosphere — partly owing to the vai*ying inclination of the 
sun's rays, and partly to the unequal reception and radiation of 
heat by land and water — becomes variously heated in its different 
regions, and hence arise winds or aerial currents, — ^the warm air 
of one locality expanding and ascending, and the colder rushing 
in from all sides to supply the deficiency. The winds thus gen- 
erated assume various directions and physical characteristics — 
the chief cause of modification being the different amounts of 
heat received by the different zones of the earth. Thus some 
are said to be constant, as the trade-winds of the tropics ; others 
periodical, as the monsoons and the sea and land breezes ; and 
others, again, variable and irregular, as the winds of the higher 
latitudes. In their physical characters they are governed chiefly 
by locality and the nature of the region from which they blow, 
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and are thus hot or cold, moist or dry, relaxing or invigorating — 
floating as a zephyr that scarcely disturbs the thistle-down, or 
sweeping as hurricanes that uproot forests and overturn build- 
ings. The warmer the air, the greater its capacity for moisture ; 
but in every case there is a point beyond which it is incapable of 
sustaining more vapour in an invisible form. It is then said to 
be saturated, and in this state any cooling, by coming in contact 
with the colder earth, or by the contact and commingling of 
colder aerial currents, produces condensation into dews, fbgs, 
rains, snow, hail, and other kindred phenomena. These aqueous 
phenomena, — whether descending as dew from the unequal tempe- 
ratures of the earth and air — as fogs and mists from unequal tem- 
peratures of aerial strata — or as rains, by more sudden condensa- 
tion, — are all essential to the vegetable and animal economies. 
Bains, like the winds on which they mainly depend, are almost 
constant within certain equatorial districts ; periodical within 
the regions of the monsoons ; and irregular in all the higher lati- 
tudes. Some tracts— as the Sahara, Egypt, Arabia, Persia, Mon- 
golia, and Peru— are rainless, or all but rainless ; but in most 
countries the rainfall, though varying from month to month and 
year to year, is, in the long average, pretty regular and persistent. 
It will vary, of course, according to latitude, direction of prevail- 
ing winds, proximity to the ocean, direction of mountain-chains, 
and the like ; hence its great difference, even on opposite sides of 
the same island, — annual falls within temperate zones varying 
from 10 to 80 inches, and within tropical, from 100 to 500 or 
600 inches. When the temperature of the air falls below the 
freezing-point, fogs and mists are converted into snow, and rain 
into hail — snow being mainly an extra-tropical and winter pre- 
cipitation, hail occurring in all latitudes and at all seasons of the 
year. Within the tropics at the level of the sea snow is un- 
known ; in temperate zones it falls less or more during winter ; 
but in polar regions, and at great elevations above the sea, its pre- 
sence is perennial in all latitudes The altitude at which snow 
remains unaffected by the heat of summer (the snow-line) varies 
with the latitude — descending from 14,000 or 16,000 feet at the 
equator to near the sea-level at either pole. The latitudinal limit, 
north and south (the snow-limit), varies also according to the dis- 
tribution of sea and land — receding and advancing as either ele- 
ment prevails. The perpetual presence of snow and ice on lofty 
mountain-ridges and polar uplands gives rise to avalanches, gla- 
ciers, and icebergs — phenomena whose geological influences are 
not less apparent than their climatological. The causes which 
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affect the climate or weather-conditions of any locality are thus 
extremely varied — latitude, altitude, distribution of land and 
water, proximity to the sea, prevalent winds, direction of moun- 
tain-chains, slope, nature of soil, cultivation, and the like, all 
more or less exerting their modifying influences. Heat and mois- 
ture, however, are the great regulators of climate ; and thus, in 
general terms, climatological zones may be said to decrease in 
importance from the equator to the poles. Nevertheless, this 
decrease by no means coincides with the parallels of latitude ; 
hence to determine the mean temperature of any locality, numei> 
ous thermometrical observations have to be made at hourly, daily, 
monthly, and yearly intervals. The results of such observations 
enable the meteorologist to connect places having the same sum- 
mer, winter, and mean annual temperatures; and hence the 
scheme of exhibiting them at a glance by means of isotheral, 
isocheimonal or isoclteimal, isothermal, and other lines. 
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PLANTS AND AlOMAI^ — THEIB DISTKtBUTION. 



Life as affected by External Conditions. 

180. Haying noticed the general relations of the Land, Water, 
and Atmosphere, and the principal phenomena arising there> 
from, we now turn to the Life by wiiich they are respectively 
peopled. Hitherto we have dealt with the inorganic phases of 
nature ; we have now to consider the organic. In the former 
case, the study involved consideration merely of cJiemical and 
mechanical forces acting from without ; now we have to deal 
with the superaddition of vital action operating through pecu- 
liar organs from within. Under the term Life is embraced all 
that appertains to the vegetable and animal kingdoms — subjects 
which belong to the domain of Botany and Z^logy, and only 
come under the notice of Geography in as far as they are depen- 
dent on external conditions for their position or distribution on 
the Globe. The origin, nature, and function of Life form the 
theme of Biology ; its distribution and external relations become 
important considerations in the study of Physical Geography. 

181. Whatever be the nature and origin of Life, it is clearly 
dependent for its continuance on the physical conditions by 
wnich it is surrounded. A little more heat or a little more cold, 
a little more moisture or a little more drought, and the plant 
flourishes or decays, the animal increases or dies. It is obvious, 
then, that on a globe having different zones of climate, having 
regions of excessive humidity and regions of excessive drought — 
and having, moreover, different areas of land and water — that 
life must be as diversified in its nature as the conditions under 
which it is destined to exist. The arrangement of plants into 
aquatic, terrestrial, and aerial — into flowering and flowerless — 
into trees, shrubs, herbs, grasses, mosses, lichens, sea-weeds, &c. 
— belongs to the province of Botany ; and of animals into aquatic, 
terrestrial, and amphibious — into mammals, birds, reptiles, fishes, 
shell-fish, &c. — belongs in like manner to the province of Zoology. 
What the geographer has more especially to consider is their 
distribution over certain areas, the physical conditions appa- 
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rently conoerned in their restriction to these areas, and the 
dependence of the one kingdom upon the other, as completing 
the economy of nature. For the sake of brevity, the term flora 
(Liat.) is employed to designate the plant -life of a region or 
epoch, and the t^rm fauna its animal-life ; hence we speak of the 
" Flora of South America" and the "Fauna of South America," 
as -well as of the Flora and Fauna of the Tertiary, the Chalk, or 
any other geological period. 

182. So far as the eye, or the eye aided by the microscope, can 
perceive, life is everywhere present — in the air, on the earth, 
and in the water, or even parasitic on and within other plants 
and animals. Unless, perhaps, among the perpetual snows and 
ices of the poles and lofty mountain-peaks, or in the extreme 
depths of the ocean, its manifestations are sufficiently apparent, 
and even in these situations some forms unknown to observation 
may find a permanent or temporary home. And yet, universal 
as life may appear, it is confined to the merest film of the 
terraqueous globe. A few thousand feet above the sea-level on 
land, and a few thousand feet beneath it in the waters, limit this 
stratum of life on either hand. Thickest at the equator, it 
thins out towards the poles ; and densest near the sea-level, it 
becomes rarer and rarer the more it rises above or falls beneath 
this line of greatest intensity. Heat, light, moisture, and nature 
of soil are the great regulators of life on the land ; heat, light, 
depth, nature of bottom, and saline composition, the main regula- 
tors in the ocean. Were it not for these causes there is no reason 
why the same forms of life should not prevail in every region from 
the equator to the poles, and from the shore-line to the darkest 
abysses of the ocean. The influence, however, of external condi- 
tions is insuperable. The palm of the tropics would dwarf and 
die in the temperate zone ; the whale of the Greenland seas would 
perish in the waters of the equator ; the rush that luxuriates in 
the marsh would wither if trausfen*ed to the arid upland ; the 
shell-fish that swarm within the influence of the tides would 
die if submerged to the depth of a few hundred fathoms. 

183. Every plant and every animal is, therefore, adapted by 
nature to the position it occupies, and within that position 
continues to fulfil its function so long as the surrounding 
conditions remain unchanged. Why one genus or kind should 
differ from another genus man may never know ; and, at all 
events, the inquiry belongs to the general subject of biologv and 
not to that of geography. Again, why certain forms should, only 
appear in certain regions — the kangaroo, for instance, in Aus- 
tralia, the ostrich in Africa, and the llama in South America — 
while other regions seem equally fitted for their residence, is a 
question involving considerations of origin, and of geological 
alternations of land and water, that lie beyond the scope of our 
subject. What more immediately concerns geography, are the 
existing distribution of plants and animals, the conditions accom- 
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panying that distribution, and the question how far they are 
capable of being transferred to, and acclimatised in, other dis- 
tricts for the luxury and necessities of man. Some tribes have 
naturally a wider range than others ; some, again, have a more 
elastic constitution, and are capable of enduring greater diversi- 
ties of climate ; and others, obeying the instincts of food, pro- 
creation, &c., migrate from the unfavourable season of one 
region to the favourable season of another. Of all animals man 
has the widest range — his superior intelligence enabling him to 
modify and overcome conditions that would be fatal to other 
creatures. Many, however, of the domesticated animals and 
cultivated plants have also considerable elasticity of constitution, 
and thus man has been enabled to carry them along with him 
over the greater part of the habitable globe. In this way we 
require to distinguish between the truly indigenous or native 
products of a country, and the exotic or imported, though many 
species have been so long transferred and re-transferred that it 
is now impossible to point to their original habitats. While, 
therefore, there is a natural apportioning of plants and animals 
to certain areas, and while extenial conditions are evidently 
the main regulators of this distribution, it must ever be borne 
in mind that man has already modified, and is continually mo- 
difying, this distribution by transferring, cultivating, and de- 
stroying, according as his wants and wishes may compel. His 
operations, however, can never extend beyond a mere modifica- 
tion ; for over and above his control remain the great conditions 
of heat, light, moisture, &c., which ever govern the main geogra- 
phical arrangements of plants and animals ; and it is to these in 
particular that the limits of an introductory sketch will permit 
us to refer. 

Plant Distribution. 

184. As already mentioned, heat, light, and moisture are the 
principal conditions affecting the terrestrial distribution of 
vegetable life. These conditions have their greatest intensity 
near the equator ; hence the greatest exuberance of vegetation 
within the tropics, and its gradual declension as we proceed to- 
wards either pole. As might be .anticipated, however, this de- 
clension is governed more by the isotherms than by the parallels 
of latitude — the mean amount of annual heat being the predomi- 
nant condition in vegetable distribution, though the amount of 
summer heat (isotheral) has also much to do with its ripening 
and perfection. The mean annual temperature of two places 
may be the same, and yet the summer temperature of the one 
may be 10 degrees higher than that of the other, while the winter 
temperature may be 15 or even 20 degrees lower. Much, there- 
fore, in Botanical Geography, depends upon the amount of heat 
which a plant receives during the period of its greatest activity, 
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and this, in general, is regulated more by tlie monthly than by 
the annual isotherms. The zones of vegetation shading more 
gradually into each other than the astronomical zones (torrid, 
temperate, and frigid), botanists make a minuter subdivision of 
the earth's surfieu^ into equatorial, tropical, sub-tropical, warmer- 
temperate, colder-temperate, sub-arctic, arctic, and polar — each 
characterised by some peculiar feature, though partaking on 
either side of the forms that belong to the two adjacent zones. 

185. 1. The equatorial zone, bounded by the isotherm of 79°, 
is characterised, wherever moisture is present, by its luxuriant 
vegetation. Succulent stems, large and showy flowers, gigantic 
parasites and climbers, arborescent grasses (canes, bamboos, &c.), 
orchids, palms, bananas, and the like, are typical of this belt, the 
greater portion of which, for reasons given in the preceding 
chapter, lies to the north of the equator. 2. The tropical zones, 
extending to the isotherm of 73^° on either side of the equator, 
are marked by palms, bananas, pine-apples, tree-ferns, species of 
£g, pepper-shrubs, cotton, coffee, susar-cane, &c. — there being 
fewer parasites and more underwood m the forests. 3. The svh- 
tropical, bounded by the isotherm of 63°, are characterised by 
a luxuriant growth of magnolias, laurels, myrtles, and figs, toge- 
ther with certain palms, zamias, cactuses, and arborescent euphor- 
bias. In these zones, as in the damp regions of the preceding 
belts, vegetation is green throughout the year, and the climate, 
unless where rainless, is described as delightful. 4. The warmer- 
tempera^, limited by 63^°, are still regions of evergreens, but are 
marked by the absence of palms — ^the dwarf palm of Europe, the 
palmetto of North America, and the Chilian palm, being, as it were, 
outlying forms from the sub-tropical zone. Deciduous forest-trees, 
oaks, chestnuts, &c., and figs, oranges, pomegranates, olives, and 
the vine, are typicsJ of the warmer-temperate in the northern 
hemisphere ; shrubby ferns, arborescent grasses, and araucarise 
in the southern. 5. The colder-ternpe7^atff bounded by the mean 
annual temperature or isotherm of 42^°, is, in the northern 
hemisphere, the great zone of deciduous forest-trees, or those 
which shed their leaves in winter — hence the seasonal contrasts 
unknown in warmer regions. The characteristic vegetation of 
this zone is well seen in that of our own country, the north of 
France, and Germany — forests of coniferous trees (fir, pine, yew, 
&;c.) and expanses of heath adding peculiar features to the area. 
The cultivation of wheat scarcely extends beyond this zone in the 
northern hemisphere ; in the southern it is occupied chiefly by 
the ocean. 6. The sub-arctic zone, limited by the isotherm of 
* 39°, is characterised by coniferous trees (pine, larch, spruce, juni- 
per, &c.), poplar, beech, grasses, and heaths ; and, on its northern 
limits, by birch, willow, and alder. 7. The arctic zone (which 
has no equivalent in the southern hemisphere, where the ocean 
alone prevails) is marked by the dwarf birch, alder, and willow ; 
by occasional pines and firs ; by grasses ; and by numerous 
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lichens and mosses on its northern limits. In the American 
section, rhododendron, andromeda, and azalea are not unfre- 
quent. 8. The polar zone is characterised chiefly by its flower- 
less plants — lichens and mosses — though, during its brief summer, 
species of ranunculus, saxifrage, scurvy-grass, rush, willow, &c., 
make their appearance. In this zone there are no trees nor 
bushes, nor any cultivation of plants for food. 

186. Such, in general terms, is the characteristic distribution 
of vegetable life as we proceed from warmer to colder latitudes. 
But the learner is already familiar with the fact, that tempera- 
ture decreases not only as we proceed from the equator towards 
the poles, but also as we ascend from the level of the sea into 
the higher regions of the atmosphere. This ascent — hypsometric 
calf as it is technically termed (Gr. hppsos, height, and metran, 
measure) — ^is marked by analogous belts of vegetation ; and at 
the equator, for instance, the traveller who ascends a lofty moan- 
tain passes through a flora much akin to that which marks the 
successive horizontal zones alluded to in the preceding para- 
graph. " We pass," says Herschel, " through the same series of 
climates, so £ar as temperature is concerned, which we. should 
do by travelling from the same station to the polar regions of 
the globe ; and in a country where very great differences of level 
exist, we find every variety of climate arranged in zones accord- 
ing to the altitude (hypsometrical zones), and characterised by 
the vegetable productions appropriated to their habitual tem- 
perature." Thus Humboldt, in describing the South American 
Alpine flora, remarks : — " In the burning plains scarce raised 
above the level of the Southern Ocean, we find bananas, cycads, 
and palms in the greatest luxuriance ; after them, shaded 
by the lofty sides of the valleys in the Andes, tree-ferns ; and 
next in succession, bedewed by cool, misty clouds, cinchonas 
(Peruvian-bark trees) appear. When lofty trees cease, we come 
to aralias (ivies) and myrtle-leaved andromedas (heaths) ; these 
are succeeaed by bej arias abounding in resin, and forming a 
purple belt around the mountains. In the stony region of the 
Paramos, the more lofty plants and showy flowering herbs 
disappear, and are succeeded by large meadows covered with 
grasses, on which the llama feeds. We now reach the bare 
traohytic rocks, on which the lowest tribes of plants flourish. 
Paramelias, lecidias, and leprarias (lichens), with their many- 
coloured thalli and fructification, form the flora of this inhos- 
pitable zone. Patches of recently-fallen snow now begin to 
cover the last efforts of vegetable life, and then the line of 
eternal snow begins." 

187. In temperate latitudes, though the variety of vegetation be 
less, and the lower zones of tropical flora be necessarily wanting, 
similar phenomena present themselves. " We may begin the 
ascent of the Alps, for instance, in the midst of warm vineyards, 
and pass through a succession of oaks, sweet chestnuts, and beiaches, 
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till we gain the elevation of the more hardy piuea and stunted 
birches, and tread oa pastures fiinged by boilers of perpetual 
9U0W. At the height of 1950 feet the vine diaRppe&re ; and at 
ICtOO feet higher, the aweet chestnuts ceaae to thrive ; 11)00 feet 
fitrther, and the oak is unable to maintain itself; the birch ceases 
to grow at an elevation of 4680 feet; and the spruce-fir at the 
height of 5900 feet, beyond which no tree appears. The rhodo- 
dendron then covers immense tracts to the height of 780(1 feet ; 
and the herbaceous willow creeps 21X1 or aOO feet higher, accom- 
panied by a few Baxifrages, gentians, and grnsEea; while lichens 
twd mosses struggle up to the imperishable barrier of eternal 
snow." The accompanying sketch exhibits, in general terms, the 
order of these ascending zones of vegetation, &om the sea-ievel 
at the equator to the limit of perpetual snow. 




188. Besides the great governing conditions of temperature, as 
dependent on latitude and altitude, Uiere are others arising from 
light, slope, nature of soil, moisture, &c., which, though less general, 
are nevertheless equally imperative. The southern slopes of a 
mountain-range exposed to the full influence of the sun's rays 
exhibit not only a greater profusion of foliage and blossom, but a 
greater variety of species than is to be found on the northern and 
darker side. Even the southern side of a tree will make a larger 
amount of annual growth, and present a greater exuberance of 
flower and fruit than the northern. Again, the influence of soil 
is equally observable: hence we seek in vain on the clayey moor- 
land for the species that form the rich and verdant carpeting of 
the calcai-eous district; or on the thirsty sand-dunes by the sea- 
shore for the flora that flourishes so freely on the alluvial meadow. 
Farther, soma plants are truly littoral, and thrive best (like the 
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mangrove and cocoa-palm) within the inflnence of the sea-spray ; 
while others become stunted and diseased if exposed, even for a 
season, to the breath of the sea-breeze. The effect of moisture 
on the distribution of vegetation is direct and perceptible, arid 
tracts being comparatively barren, whUe humid regions, and 
especially humid and warm ones, are noted for their luxuriance. 
Even in tropical countries, like South America, the dry season is 
one of torpidity, and corresponds to the winter of temperate 
zones — vegetation being dormant till the rainy season returns 
and once more renews its growth and foliase. It is owing to this 
influence of moisture that botanists distmguish between rainy 
and rainless regions, and between zones of summer rains, winter 
rains, and rains at all seasons— each zone being stampea by its 
own vegetable aspects. 

189. As plants have a fixed and natural distribution on land, 
so also they have a similar distribution, horizontal and vertical, 
in the waters ; though, in consequence of the greater uniformity 
of temperature, the marine areas are less marked and decided. 
Horizontally, the ocean has been divided into certain botanical 
provinces, of which our limits will merely permit the enumera- 
tion : 1. The Northern Ocean, from the pole to the 60th parallel ; 
2. The North Atlantic, between the 60th and 40th parallels — the 
gre^it headquarters of Fucus proper ; 3. The Mediterranean — a 
sub-region of the warmer temperate zone of the Atlantic, lying 
between the 40th and 23d parallels; 4. The tropical Atlantic, 
in which Sargassum abounds (Sargasso Sea, par. 103) ; 5. The 
Antarctic American regions, from Chili to Cape Horn, and the 
whole circumpolar ocean south of the 60° of S. latitude ; 6. The 
Australian and New Zealand; >7. The Indian Ocean and Bed 
Sea ; 8. The Japan and China Seas, besides certain less decided 
provinces in the Pacific. Vertically, or bathymetrically, as it is 
termed when treating of the ocean (Or. bawys, deep, metron, a 
measure), light, depth and nature of sea- bed seem to be the prime 
regulatoi's of aquatic vegetation. In the limited areas of streams 
and fresh- water lakes the order of arrangement is less perceptible, 
but in the ocean each gradually-deepening zone is characterised 
by its own peculiar foiTns. Thus, in the British seas naturalists 
speak of a littoral, laminarian, coralline, and coral zone ; and in 
the ocean generally, of a littoral, circum-littoral, median, infra- 
median, and abyssal or deep-sea zone. The nature of these bathy- 
metrical subdivisions will be best understood by referring to our 
own shores, where the littoral is that which lies between high 
and low-water mark, and is characterised b^ such plants as the 
bladder-wrack, dulse, and carigeen ; the laminarian, that which 
commences at low-water mark, and extends to a depth of from 40 
to 60 feet, and marked, as its name implies, by the broad waving 
tangle (laminaria), and larger algsB ; the coralline, that which 
extends from 90 to about 300 feet in depth, and where corallines 
luxuriate, and the common sea- weeds disappear; and the coral 
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zone, which lies between 300 and 600 feet, and is the region of 
the calcareotls and stronger corals. In the abysses of the ocean 
diatoms (microscopic vegetable forms) alone occur ; and generally 
as the corallines increase the true sea-weeds disappear, ordinary 
algse scarcely existing beyond a depth of 300 feet. 

190. Admitting, however, in the fullest degree, the influence of 
heat, light, moisture, and the like, in the distribution of vegetable 
life, there still lies over and above them a primal arrangement, 
by which certain forms are naturally restricted to certain areas. 
This arrangement, which is seemingly not dependent on climate 
(for the puints thrive equally weU when transferred to other 
areas), imparts a certain physiognomy to these regions ; and 
thus botajiists, entering more minutely into the geographical 
aspects of their science, subdivide the earth into requms and 
provinces according to their prevalent floras. Such subdivisions 
lie beyond the limits of our outline, but the learner will readily 
perceive their bearings when he considers-^r^^, that some forms, 
like the tea-plant and camellia, are peculiar to Eastern Asia ; some, 
like the eucalypti and casuarinse, to Australia ; others, like the 
magnolia, to the southern latitudes of North America, and so on : 
while, second, that every tribe of plants has a special aspect or 
physiognomy, and where such tribes prevail, that physiognomy 
will be imparted to the landscape. Wherever, therefore, certain 
orders are peculiar, and a certain number of genera and species 
prevail, this constitutes a botanical " region," such as the region 
of saxifrages and mosses, the region of magnolias, the recion of 
camellias and teas, re^on of palms, and so on, making in all some 
twenty-four regions, into which the earth's surface has been 
botanically divided. In like manner with aspect or " physiog- 
nomy," as the Palm form, the Banana form, the Mimosa form, 
Cactus form. Heath form. Grassy form. Willow form, &c. — 
there being in all twenty-two such forms, which are readily 
distinguished even by the eye of the unbotanical observer. In 
the same way it is not unusual to divide the Old and New World 
into agricultural zones, in something like the following order, 
from uie tropics to the northern limit of profitable culture — 1. 
Zone of rice and maize ; 2. Maize and wneat ; 3. Wheat, rye, 
buckwheat, pease, and beans ; 4. Barley, oats, and potato. 

191. Such, in general terms, is the distribution of plants over 
the surface of the globe. Though many families have a very 
narrow range, and naturally are never found beyond it, yet 
others having greater facilities for the dispersion of their seeds, 
and being, moreover, of a more elastic constitution, have a ten- 
dency to increase their area, and this often at the expense of 
other families that are destroyed by their presence. Others, 
a^n, possessing this greater adaptability, are transferred for 
tneir utility or ornament from region to region, and are now 
found acchmatised and growing luxuriantly in many countries 
to which they naturally would never have found their way. In 

L 
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general, howeTer, the great natural laws of distribatioii are 
aopreme, and the majority of plants attain their perfection only 
in the habitats to which they originally belong. In densely- 
peopled and coltiTated countries man is ever destroying, transfer- 
ring, and acclimatismg ; bat, knowing the limit to which this 
power can be profitably exercised, he will cease to rear in one 
region what can be more abundantly and cheaply procnred from 
another. It is thus that a knowledge of the geographical distri- 
bation of plants, and the laws on which that distnbation depends, 
becomes a subject not only of scientific interest, bat of trae eco- 
nomic importance. 



Afiiwifll Distribution. 

192. Being inflaenced by climate, food, and other external 
conditions, animals, like plants, are necessarily less or more 
restricted to certain geographical regions. Endowed with greater 
powers of dispersion and locomotion, their limits are, perhaps, 
less precise than those of plants ; but in the main iJiere is a 
similar horizontal and vertical arrangement of animal forms — 
from the equator to the poles, and from the sea-level to the 
loftiest heights of land, or to the greatest depths of ocean. The 
fauna of the tropics, taken in general terms, is more exuberant 
in kind, in size, strength, and beauty, than that of the temperate 
zones ; and this, again, more abundant than that of the arctic and 
antarctic regions. The more luxuriant and sheltered lowlands 
are peopled by races differing from those that inhabit the moun- 
tain-slopes, and those that anect the mountain-sides are distinct 
from those that find subsistence among the higher and colder 
elevations. In like manner, the creatures that throng the shal- 
low shore are specifically different from those that are scattered 
through the deeper ocean. 

193. In this way terrestrial animals may be arranged into a 
tropical, a temperate, and an arctic fauna — each shadmg to a 
certain extent into the other, but still, in the main, characterised 
by genera and species that do not naturally occur in the other 
sections. Thus, the Tropics are the great headquarters of the 
apes and monkeys ; of the lion, tiger, panther, and larger cami- 
vora ; of the giraffe and zebra ; the elephant, rhinoceros, hippo- 
potamus, and tapir ; the crocodile, turtle, boa, and larger reptiles ; 
the ostrich, flamingo, peacock, parrots, humming-birds, and gener- 
ally of birds remarkable for their brilliant and variegated plumage. 
Insect life is also much more varied and exuberant in tropical 
than in colder latitudes — attaining its maximum in variety, in 
size, activity, and brilliancy of hue within the luxuriant regions 
of Brazil, Guinea, and the Indian Archipelago, and gradually 
declining towards either temperate zone. The Temperate zones, 
on the other hand, though marked on their warmer limits by the 
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presence of such tropical forms as the tiger, jackal, hyena, 
crocodile, &c., are, on the whole, the headquarters of such rumi- 
nants as the ox, bison, bufyio, goat, sheep, stag, and elk. Pecu- 
liar to them also are the Bactrian camel, the wild boar, wolf, fox, 
and beaver ; the opossum in the northern hemisphere and the 
kangaroo in the southern ; the eagle and falcon, turkey, goose, 
grouse, and pheasant, among birds ; while reptiles become fewer 
and smaller the nearer we approach the arctic zone. The Arctic 
2one (for the antarctic is almost exclusively occupied by the ocean) 
is characterised by greater uniformity in its fauna, by few species 
but by numerous individuals, and generally by the quiet and 
sombre colouring both of its birds and quadrupeds. The rein- 
deer, musk-ox, brown bear, polar bear, wolf, arctic fox, and sable, 
are peculiar to this region ; the sea-fowl that frequent its sum- 
mer seas are cMefly migrants from the waters of the colder-tem- 
perate zone ; and reptile life is unknown. And here it may be 
observed that as the land in the northern hemisphere lies in great 
contiguous or all but contiguous masses, while in the southern it 
consists of far-separated spurs and patches, so there is a greater 
similarity between the launa and flora of northern than of 
southern zones. 

194. As with the terrestrial fauna, so also in a great measure with 
the marine, though at first sight there may seem no interruption 
to interchange and community of habitat. Variety of genera 
and species characterise the seas of the torrid zone ; uniformity 
of species and immense numbers of individuals mark the fauna 
of the colder latitudes. The fishes and shell-fish of the tropics 
are noted for their varied and brilliant tints ; those of the arctic 
regions are of uniform and sombre hues. The right whale never 
traverses beyond the cold waters of the higher latitudes in either 
hemisphere ; the sperm whale, on the other hand, is unknown 
beyond the tropical areas of the Pacific. Unknown in the torrid 
zone, the seal and walrus occur in thousands in the colder-tem- 
perate and arctic regions. The headquarters of the sharks lie 
within the torrid zone ; the tunny rejoices in the genial waters 
of the Mediterranean ; while the cod, pilchard, herring, and 
salmon, attain perfection only within the colder waters of the 
higher latitudes. The constituents of the sea-water are nearly 
the same throughout, and yet the reef-building corals only elabo- 
rate their structures within the tropical and sub-tropical ex- 
panses of the ocean. 

195. As with the horizontal areas of the water, so in like 
manner with its various depths. The littoral zone (par. 189) 
of our own seas, for example, is characterised, according as the 
bottom may be rocky, sandy, or muddy, by such shell-fish as the 
periwinkle, limpet, mussel, cockle, and razor-shell ; the laminar 
rian by st&r-fishes, the common sea-urchin, tubularia, modiola, 
and puUastra ; the coralline by the disappearance of the ordinary 
shore shells, and the abundance of buccinum, fusus, trochus, 
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▼entts, pecten, and the like ; and the coral zone by fonuH of star- 
jQsh, cidari8,and brachiopod mollnsca that cannot exist in shallower 
waters. As to the extreme depths of ocean, they are generally 
presumed to be, like the extreme elevations of the land, altogether 
Darren and lifeless. It is trae that some recent deep-sea sound- 
ings in the North Atlantic would seem to pointtoadifierent con- 
clusion ; but these, before final acceptance, require the confirma- 
tion of further and independent experiment. 

196. It must ever be borne in mind, however, that obvious as 
may be the influence of external conditions on the distribution 
of animal life, there is over and above them an aboriginal dis- 
persion that science in its present position is unable to account 
for. Why, for instance, should the kangaroo and omithorhynchus 
be restricted to Australia, the hippopotamus and giraffe to Africa, 
the camel to the Old World, and the llama to the New ? But 
while these aboriginal differences exist and remain unaccounted 
for, the learner should remember that distant regions, having 
nearly the same conditions, are peopled by what are termed re- 
presentative species — that is, species not zoologically identical, but 
merely representing one another in the economy of nature, and 
fulfilling similar functions. Thus, the camel of the Old World is 
represented by the llama of the New ; the lion and tiger of the 
Old World by the puma and jaguar of the New ; the ostrich of 
Africa by the rhea of South America and the emu of Australia ; 
and the crocodile of the Nile by the gavial of the Ganges and the 
alligator of the Amazon. It should also be borne in mind that 
local conditions of food, shelter, healthful position, freedom from 
enemies, and the like, are also operating causes in the distribu- 
tion and dispersion of animal life ; and that where these are 
wanting, whole families will shift ground, or altogether disappear, 
even when the mat conditions of temperature remain unchanged. 

197. As in the vegetable world, so also (though to a less ex- 
tent) in the animal, certain species have a greater elasticity of 
constitution, which enables them to subsist under a greater 
variety of conditions, and naturally, therefore, to enjoy a wider 
geographical range. Operating upon this principle, and a know- 
lege of climatology, man has been enabled to transfer from one 
region to another a considerable number of animals, either for the 
purposes of his convenience or luxury. All the domestic animals — 
horse, ass, ox, sheep, goat, pig, dog, cat, bam-fowl, &c. ; many birds, 
prised for their bennty or song ; and rats, mice, insects, and other 
creatures, considered as ^ pests and vermin," have accompanied 
him over the habitable globe. His efforts in this respect — ex- 
tirpating, transferring, and acclimatising — have been incessant ; 
ana thus creatures naturally of widely distant habitats have 
been, and are still being, brought together into one common area. 
In this wav the domestic animals of the Old World 'have been 
tnaisfMTea to the New, where they were unknown at the time of 
its discovery by Columbm ; some of the New World &nna trans- 
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ferred to the Old ; and not only the domestic animals, but the 
birds, fish, and even shell-fish of Europe, transported to Austral- 
asia, where, within little more than a century, their genera were 
totally unrepresented. But as in the vegetable world^ so in the 
animal, there is a limit to this system of transference, and man 
best studies his own interest ana the comfort of the lower animaJs 
by fostering them mainly within their own native habitats, and 
sharing in their larger produce through the more profitable 
method of commerce and exchange. 



Interdependence of Plants and Animals. 

198. As plants and animals are alike dependent on external 
conditions, so both are, to a certain extent, dependent on one 
another. Both, for example, are dependent on the atmosphere, 
yet the oxygen which the plant exhales is inhaled by the animal, 
and the carbonic acid exhaled by the animal, is absorbed and 
assimilated by the plant. The plant, rooted in the soil and cast- 
ing abroad its leaves and branches in the atmosphere, though 
seemingly deriving the main elements of its growth from inor- 

fanic sources, is nevertheless stimulated into life and exuberance 
y the presence of organic decay, and many of the lower fungus- 
growths are found only where such decomposing matter is pre- 
sent. Herbivorous animals, as is well known, subsist directly 
upon plants, while the carnivorous prey upon the plant-feeders, 
and are thus also ultimately dependent on the vegetable world 
for their subsistence. Wherever vegetable life is varied and 
luxuriant, there animal life is marked by a corresponding variety ; 
hence the specific exuberance of the tropics compared with that 
of the colder latitudes. By the extirpation of certain plants, 
certain mammals, birds, and insects may be removed urom a 
district ; while, on the introduction of some new exotic, animals 
hitherto unknown in that locality usually make their appearance. 
The law of circulation and interdependence is complete, and no 
portion of the circle could be removed without a con*esponding 
change in the characters of the vegetable and animal kingdoms. 

199. Again, though most plants have the inherent power of 
dispersing their own seeds, and are aided in this by winds and 
water-currents, yet many depend upon birds and mammals for 
their wider dispersion and increase, just as many depend upon 
insects for the fertilisation of their flowers. This wider disper- 
sion creates a new source of subsistence for the animals that feed 
upon them, and thus the increased area of the one supplies a 
wider range to the other. Further, as some animals are fitted 
by their organisation for an arboreal existence, some for life on 
the grassy plain, and others for the shrubby thicket, the destruc- 
tion of the tree, the planting of the plain, or the clearing of the 
thicket, would necessarily involve the destruction of these special 
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organisations. Still farther, as some creatnres are specially 
fitted to live on fraits, some on leaves, and others on roots, the 
disappearance of these specific supplies wonld necessarily he 
followed by the annihilation of the consumers. It is in this 
manner that plants and animals become co-dependent portions 
of one great vital plan, and that geographers, aware of these re- 
lations, can more intelligibly depict the aspects of nature by 
associating every fauna with its own appropriate and distinctive 
flora. 



RECAPITULATION. 

In the preceding chapter attention has been directed to the 
vital aspects of the globe — that is, to its vegetable and ani- 
mal life, and their distribution over the land and through the 
waters. Leaving the nature and origin of Life to the Biologist^ 
it has been shown that plants and animals are dependent for 
their continuance on the external conditions by which they are 
surrounded, and that any change in these conditions would ma- 
terially affect, if not destroy, their existence. For this reason, 
plants and animals have a definite distribution over the globe ; 
heat, light, and moisture being the great regulators of the one ; 
climate and food the governing conditions of the other. In this 
way vital variety and exuberance culminate within the tropics 
and decline as we proceed towards either pole — declining also in 
an analogous manner as we ascend from the level of the sea into 
the higher elevations of mountains. Each zone or belt of the 
earth has thus its own special flora and fauna — that is, is charac- 
terised by genera and species not naturally occurring in other 
regions. As marked variations occur within narrower limits 
than the torrid, temperate, and frigid zones, botanists subdivide 
the earth's surface into equatorial, tropical, sub-tropical, warmer- 
temperate, colder-temperate, sub-arctic, arctic, and polar belts ; 
and these, as might be expected, correspond with lines of tem- 
perature rather than with parallels of latitude. As in the land, 
so also in the waters, each zone of depth, from the shore seaward, 
has its characteristic forms — littoral, laminarian, coralline, and 
coral ; the extreme abysses of ocean, like the extreme altitudes 
of land, being apparently barren and lifeless. Beyond these main 
horizontal and vertical arrangements of life, there is also an ab- 
original dispersion of certain races over certain areas which 
science cannot account for ; hence the subdivision of the earth's 
surface into botanical and zoological " regions " and " provinces," 
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each subdivision being characterised by its own typical forms. 
These provinces form the special study of the botanist and zoolo- 
gist; and the question how far the plants and animals of one 
region can be profitably transferred to another, becomes one of 
prime economical importance. Understanding the geographical 
conditions under which plants and animals naturally occur, and 
knowing, moreover, the intimate dependence between the vege- 
table and animal kingdoms, man, in his own migrations over the 
globe, will be better able to determine what to cultivate and 
what to extirpate, what to attempt acclimatising and what to 
continue in their own native habitats. Understanding, more- 
over, the relations that subsist between fauna and flora, he will, 
as a geographer, be better enabled to draw that intelligible 
picture of external aspects which it is the grand province of his 
science to depict. 



XIL 



ETHNOLOGY — EACES AND VARIETIES OF MAN. 



Man as affected by External Conditions. 

200. Man, in whatever stage of civilisation he may appear, is 
always less or more influenced by the geographical conditions of 
the region he occupies. Unlike the lower animals, which either 
simply flourish under or succumb to these conditions, Man may 
struggle against and so far modify them ; but still, to a great 
extent, his thoughts and actions, his industrial pursuits, his social 
polity, and religious beliefs, are aU affected by the physical circum- 
stances of his position. In savage life this influence is direct and 
perceptible ; hence the difference between the semi-aquatic Esqui- 
maux and the hunting Bed Indian, though inhabiting the same 
continent ; between the stationary vegetable-feeding islanders of 
the sunny Pacific, and the wandering omnivorous tribes of the 
scrubby plains of Australia. Even where civilisation has made 
some progress, it is these conditions that still mainly determine 
man's habits and pursuits — rendering the inhabitants of the 
grassy steppe nomades and herdsmen, the indwellers of the river- 
plain tillers of the ground and growers of grain, and the men 
of the sea-coast traders and adventurers. And higher still, where 
populations have been long settled and civilisation has assumed 
its most advanced aspects, climate, scenery, natural products, 
facilities for intercommunication and exchange, are ever exer- 
cising their influence — rendering one nation wealthy and indepen- 
dent, another bold and enterprising, and a third, it may be, isolated 
and stationary. Nor is it man's mere material condition that 
is thus affected ; his reli^ous sentiments, his poetic feelings, his 
love of liberty, his social government, are all less or more tinc- 
tured by the nature of the physical characteristics of the country 
he inhabits. 

201. That such is the case, the most cursory glance at the dif- 
ferent nationalities of the world will readily convince ; and though 
the inherent qualities of Bace, for reasons we cannot now discover, 
may differ very widely, still over and above these qualities exter- 
nal conditions exert a direct and perceptible modifying influence. 
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The white men of Earope may differ physically and intellectually 
from the black tribes of Africa and the red races of North Ame- 
rica ; but it may be fairly questioned whether the former would 
have ever exhibited their present activity and progress had it 
not been for the greater varieties of surface, climate, and general 
physical conditions that Europe, as a continent, enjoys. There can 
be no doubt that the moderate climate of Britain is more favour- 
able to bodily and mental vigour than the relaxing temperature 
of the tropics ; and Uiat the slight seasonal differences between 
our spring, summer, autumn, and winter, induce habits of con- 
tinuous exertion and industry unknown in countries subjected to 
excessive summer's heat and winter's cold. But for our insular 
situation, our countrymen would never have been the traders and 
adventurers they have become ; and but for our natural supplies 
of coal, iron, and other metals, the mechanical and manufacturing 
character that now stamps the British nation would have been 
unattainable and impossible. So much does the general charac- 
ter of a people depend upon the physical conditions of the country 
they inhabit ! 

202. Even in their minor peculiarities, the different nations of 
the same great race are similarly affected by external con- 
ditions ; hence the obvious distinctions existing between the live- 
lier and more versatile nations of southern Europe and the graver 
inhabitants of the north ; between the bold and independent 
mountaineers of Switzerland, Scotland, and Scandinavia, and the 
tamer occupiers of the central and eastern European plain. The 
language of everyday life is full of these distinctions, and this 
long before science had attempted their explanation. Thus we 
speak of the " diy, clear, exhilarating air " of one district, and 
the *' damp, cloudy, and depressing atmosphere " of another : of 
the "dreary monotony" of one region, and the "charming variety" 
of another ; of the "awe-inspiring gloom" of the forest, and the 
" cheerful hues " of the open landscape. Indeed it is to the in- 
fluence of situation that we are in a great measure to look for 
national peculiarities — these peculiarities diminishing the more 
that nations extend their range of intercommunication, and the 
less they are restricted to their own narrow boundaries. 



Characteristics and Distribution of Races. 

203. Whatever the influence of external conditions in modify- 
ing the characteristics of race, we find Man distributed at pre- 
sent over almost every region of the globe — wandering in savage 
freedom under the tropics, flourishing in busy communities 
within the temperate zones, and struggling in diminished numbers 
against the inclemencies of the polar regions. Within the tropics 
he is chiefly a vegetable feeder ; in the temperate zones he adopts 
a mixed vegetable and animal diet ; while within the polar circle 
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his diet is exclusively animal. But while in this respect he obeys, 
like plants and animals, the zonal arrangements of the world, 
unlike them the varieties of his race are d^tributed according to 
no law of latitudinal dispersion. As in districts of the same 
country we find differences of stature, physiognomy, dialect, and 
habits ; so in the various countries of tne same continent we find 
still wider differences in bodily appearance, mental constitution, 
language, and manners. Notwithstanding these well-known di»* 
tinctions, there is among the inhabitants of certain regions a 
certain sameness in physical aspect, in colour of skin, in form of 
head and &ce, and also in mental disposition, that stamps them 
as distinct from the inhabitants of other regions ; and hence 
arises the idea of varieties or reuses of the human species. 

204. Without entering upon the vexed questions of man's origin 
and antiquity — whether he is a mere development from the lower 
animals, according to some great natural plan, or an entirely new 
creation — whether he has been six or sixty thousand years an 
inhabitant of the earth — and whether the varieties of our race 
have descended from a single pair, and been since modified by 
external conditions, or are the progeny of several independent 
pairs — it may be stated as the general opinion of naturalists 
that mankind form, in the zoological scale, a single species of a 
single genus. But though thus standing unique, and far exalted 
above other animals by his gifts of reason, moral perception, 
and religious sentiment, it is necessary and natural to divide 
mankind into several varieties according to their more promi- 
nent physical features ; and Ethnology (Gr. ethnos, a race ; logos, a 
discourse), extending the subject to minor features, language, and 
the like, still further subdivides these varieties into groups, tribes, 
and branches. The consideration of these minor distinctions 
(which are evidently produced by intermixture of races and the 
influence of external conditions) belongs more especially to Eth- 
nology ; our limits will merely permit a brief allusion to the ^ve 
varieties or races into which the inhabitants of the globe have 
been arranged by the German philosopher, Blumenbach. These 
are the Caucasian, the Mongolian, the American, the Ethiopian, 
and the Malay; each being characterised by some peculiarity in 
colour of skin, eyes, nature of hair (curled, lank, woolly, frizzled) 
shape of skull, form of face, and general physiognomy. Of these 
characteristics colour of skin is one of the most obvious, and, 
though varying in shade even in the same race, is yet employed 
in everyday language as a main mark of distinction — ^the Cauca- 
sian being the white, the Mongolian the yellow, the American the 
red, the Ethiopian the black, and the Malay the brovm. The 
distribution and more obvious characteristics of these respective 
races we epitomise from Blumenbach and other ethnologists : — 

205. The Caiicasian variety is dispersed over Turkey, Arabia, 
Persia, part of Tartary, Affghanistan, and Hindostan, in Asia ; 
over Egypt, Abyssinia, and the Mediterranean seaboiuxl, in Af- 
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rica ; and over almost the whole of Europe — the Turks proper, 
the Magyars, Finns, and Laplanders, being of Mongolian origin. 
Within the last three centuries the race has spread from Europe 
over large areas of North and South America, South Africa^ 
Australia, and New Zealand (see Ethnographic Map in Atlas) ; 
stud wherever it has planted itself becomes the dominating power. 
Xfais variety takes its name from the Caucasian mountain-range 
that stretches between the Caspian and Black Sea, because tra- 
dition points to that region as the place of its origin ; and it is 
also known by the term Indo-European, from its spreading over 
India and Europe from the Ganges to the further shores of Ice- 
land. The more important branches are the Hindoo, Persian, 
^rab, Circassian, Slavonic, Teutonic, and Celtic, with their va- 
rious mixtures and alliances, which now constitute the nationali- 
ties of Southern Asia and Europe. The distinguishing character- 
istics of these Indo-Europeans are— a light-coloured skin, varying 
from fair to tawny or swarthy ; red cheeks ; copious, soft, flowing 
hair, generally curled or waving ; ample beard ; small, oval, and 
straight face, with features distinct ; expanded forehead ; large 
and elevated cranium ; narrow nose ; and small mouth. In sta- 
ture the Caucasian is taller than any of the other varieties ; of 
erect gait ; with rounded, well-proportioned limbs ; moderately 
small extremities; and light elastic step. The White race (for 
by this designation it is generally distingui<ihed) has given birth 
to the most civilised nations of ancient and modem times ; and 
has hitherto exhibited the intellectual and moral powers of hu- 
man nature in their highest degree. Wherever the white man 
has established himself the other races disappear before him. 
His proper field of development, however, seems to be the tem- 
perate zones in either hemisphere, for beyond them he degenerates 
physically and intellectually, and loses the higher characteristics 
of his race. 

206. The Mongolian variety is spread, as the name implies, 
over the central and northern regions of Asia, China, Japan, 
Burmah, Siam, and Cochin-China ; and includes, moreover, the 
scattered inhabitants of the Arctic seaboard, both in the Old and 
New World continents. It embraces the Mongols, Turks, Thi- 
betans, Chinese, Indo-Chinese, Japanese, Kamtchatdales, Tun- 
gusians, Koriaks, and Samoiedes, in Asia ; the Turks, Finns, and 
Lapps, in Europe ; and the Esquimaux of the North American 
arctic regions. In the Mongolian, the skin is olive-yellow ; the 
hair thin, coarse, and straight ; little or no beard ; head or cranium 
somewhat square-shaped ; forehead rather low ; face broad and 
flattened, with confluent features ; high cheek-bones ; eyes rather 
sunk, and obliquely directed towards the nose ; wide and small 
nose ; and thick lips. In stature the Mongolian is below the 
Indo-European ; but in the true Tartar, Turk, and Chinese, the 
frame is broad, square-set, and robust, with high shoulders, and 
short and strong neck. In intellectual and moral capacity the 
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various branches of the race differ very widely ; but on the whole 
they are inferior, less energetic, and more stationary in their 
civilisation than the Caucasian variety. Their highest attain- 
ments appear in the Chinese and Japanese ; the Turks and 
Magyars having been so long amalgamated with Europeans as to 
assume a Western rather than an Oriental phase of civilisation. 

207. Under the American variety, ethnologists comprise all 
the aboriginal races which peopled the New World prior to its 
diBcovei'y by Columbus in 1492. These are the Cmppewyans, 
Sioux, Pawnees, Cherokees, and other tribes in North America ; 
and the Caribs, Solimoes, Guaranis, Araucanians, Patagonians, 
and Fuegians, in South America. In this race the skin is red- 
dish or copper-coloured (hence the familiar designation of Bed 
Indian) ; tne hair is black, coarse, and lank ; beard scanty ; skull 
somewhat similar to the Mongolian, but narrower, and not so 
square ; forehead low and retreating ; cheek-bones prominent, but 
more rounded than those of the Mongol ; eyes sunk, and some- 
what raised at their outer angle ; nose and other features rather 
prominent. In stature the North American Indian is rather 
tall ; spare and lithe in body ; and as a hunter, acute in his senses, 
and remarkable for his endurance of fatigue and insensibility 
to pain. In South America the race greatly degenerates ; the 
Guaranis, the Fuegians, and other tnbes being amongst the 
most degraded of savages, their wretched appearance being in 
many instances aggravated by artificial distortion of the head 
and {sLcial features. In intellectual and moral qualities the Ame- 
rican Indians resemble in many respects the Mongolians. Like 
the Mongols, they have remained stationary, but at a much lower 
point of civilisation, if we except the ancient occupants of Mexico 
and Peru. In North America, the race is rapidly diBappearing 
before the white settlers ; in South America, less fitted for the 
White, the inferior and more sparsely scattered tribes have been 
little interfered with. 

208. The Ethiopian race, in one or other of its branches, in- 
habits the whole of Africa, with the exception of Egypt, Abya- 
sinia, Tunis, Tripoli, and Morocco on the north, and Cape Colony 
on the south. It embraces Hottentots, Bushmen, Kaffirs, Ne- 
groes, Gallas, Tibboos, Mandingoes, and other tribes, differing 
widely among themselves in physical and mental aptitude, but 
all, from time immemorial, remaining in a barbarous or but very 
partially civilised state. In this variety, which derives its name 
from the Ethiopia of the ancients, the skin is black (hence the 
familiar designation, Negro— Lat. niger, black) ; the liair short, 
black, and woolly ; skull compressed on the sides, and elongated 
towards the front ; forehead low, narrow, and slanting ; cheek- 
bones very prominent ; nose broad and flat; jaws projecting so 
as to make the upper front teeth oblique ; lips, especially the 
upper one, very thick. In stature there is great differences among 
the different branches of the race ~ some, like the Kaffir, being 
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of average size, and fairly formed ; others, like the true negro, 
also of average size, but ungainly in form and limb, with kurge 
flat feet and hands, and shuffling awkward gait ; and some, 
again, like the Hottentot and Bushmen, of stunted stature, and 
with slender ill-formed limbs. Intellectually, the Black race 
has ever remained in a rude and barbarous state ; hence the 
subjection of one branch to another branch among themselves ; 
ana hence also their enslavement, from time immemorial, by the 
white variety. This is not the place to enter upon the question, 
how far the negro is capable of attaining the higher phases of 
civilisation ; but the fiact remains, that neither of himself, nor in 
any of his admixtures with other races, has he shown much apti- 
tude for intellectual or social advancement. 

209. The Malay race (so called from the Malayan peninsula) 
includes the widely-scattered and chiefly insular inhabitants of 
Malaysia, Australasia, and Polynesia. The population of these 
widely-spread districts differ, as might be expected, very widely 
from each other — those of Malaysia and Polynesia being of a 
brown or lighter colour, and somewhat resembling the Mongo- 
lians ; while those of New Guinea and Australia (the Papuan 
negroes, as they are termed) are of a dark colour, and more 
closely approximated to the negro type. Intellectually, also, 
there is a similar difference, there being little in common between 
the Malay of the Indian Archipelago and the savage inhabitant 
of New Guinea ; between the stunted and miseniDle native of 
Australia, and the daring, apt, and clever inhabitant of New 
Zealand. Taken, however, as described by ethnologists, the skin 
of the Malay varies fi'om a light tawny to a deep-brown ; hair 
black, crisp, and somewhat inclined to curl in the true Malay, 
and tufted and frizzled in the Papuan ; head rather narrow ; 
bones of the face large and prominent ; nose full and broad 
towards the lips. In civilisation the Mialay race has hitherto 
made little advancement. In the Indian Archipelago it has, 
like the Mongolian, long remained stationary ; in Polynesia, some 
progress appears under tutelage of the white, though the areas 
are too widely separated ever to be of much importance ; in 
New Zealand it seems reluctant to amalgamate with the new 
settlers ; while in Australia it is rapidly dying out before the 
encroachment of the European immigrant. 

210. Taking these varieties as aids to the general arrange- 
ment and consideration of mankind, it must be remembered 
that there are not only admixtures among contei*minou8 races 
(Caucasian and Mongol, Mongol and Malay, Mongol and Ame- 
rican), but admixtures also between immigrant and native races 
(Brazilians, Peruvians, Mexicans, &c.), which render sharp lines 
of demarcation impossible, and unnecessary as impossible. The 
consideration of these miriutioe belongs more especially to Ethno- 
graphy and Philology, by which not only shades of colour, types 
of skull, facial angles, and the like, are taken into account, but 
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dialects of language, mental peculiarity, and forms of govern- 
ment, are all considered in tracing the dispersion, affinities, and 
history of the human race. Such considerations lie beyond the 
scope of our Outline, and the learner may consider as sufficient 
for his purpose theiive great varieties above enumerated, or even 
their abridgment mto three (Caucasian, Mongolian, and Ethio- 
pian — reckoning the American as a sub- variety of the Mongol, 
and the Malay a sub- variety partly of the Mongol and partly of 
the Negro), as all that is warranted or required at this stage of 
his progress. 



Conditions of Civilisation and Progress. 

211. Such is the usual subdivision of mankind into varieties 
or races, and such the existing distribution of these races over 
the surface of the globe. The subdivisions may to some extent 
be arbitrary ; but as there are actual differences of colour, form 
of head, facial expression, and the like, and as these physical 
features are accompanied by strongly -marked differences in 
mental constitution, the distinctions in the main must be founded 
on nature. As to the prehistoric distribution of man, neither 
archaeology nor geology, in the absence of reliable remains, can 
arrive at any certain conclusion. Within historical time, how- 
ever, the various races, while peopling most densely the regions 
they now occupy, have ever been less or more encroaching on 
each other's domain — the inferior giving way to the superior and 
more civilised. The Ethiopian, in its numerous tribes and 
branches, has remained stationary in Africa. The Malay, chiefly 
an insular race, has spread itself, in one or other of its branches, 
over the islands of the Southern Ocean and Pacific. The Mon-^ 
golian, while claiming Central and Eastern Asia as its head- 
quarters, has spread partially into Europe, and largely along the 
entire seaboard of the Arctic Ocean. The White man, on the 
other hand, has partly repelled the Mongol, and, after spreading 
wave after wave over Western Asia, Northern Africa, and the 
whole of Europe, has within the last three centuries taken pos- 
session of the greater portion of North America (United States, 
Canada, Mexico, California, &c.) ; of part of South America 
(Brazil, Guiana, Peru, &c.) ; of South Africa ; and of Southern 
Australia and New Zealand ; while his influence is felt, less or 
more, in every region of the globe. 

212. Wherever the means of subsistence can be obtained, 
there man will establish himself and increase in numbers — his 
increase being mainly regulated by the facility or difficulty of 
obtaining supplies. Where he can raise more than his own 
wants require (and this will depend very much on his knowledge 
of nature s laws and operations), or where he enjoys products 
not possessed by other localities, this surplus and these products 
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form subjects of barter and exchange, and thus he acquires 
wealth and the power to command hixuries. Raised above the 
mere physical struggle for existence, the higher faculties of his 
mind — imagination, invention, reflection, moral perception, and 
religious sentiment — begin to develop themselves, and man 
passes from the domain of savagery into the categories of civil- 
isation. To trace the course of civilisation lies beyond the scope 
of our subject ; but it is evident from what has been repeatedly 
stated, that its advancement (laying altogether aside the consider- 
ation of Race) depends, in a great measure, on the geographical 
or physical conditions by which it is surrounded. Wherever 
there exists a favourable climate, the means of subsistence, and 
opportunities of interchange and barter — in other words, wher- 
ever there are the objects and means of successful industry — there 
civilisation will manifest itself ; and just as equitable laws, pro- 
tection of property, freedom of action, and liberty of opinion are 
enjoyed, so civilisation will advance in a corresponding ratio. 
In aosence of these adjuncts it has passed, and may yet pass, 
from nation to nation ; but in the aggregate its maintenance 
from epoch to epoch has been secure — its progress seems 
illimitable. 



EECAPITULATIOK. 

In the preceding chapter attention has been briefly directed 
to the varieties and distribution of the human species — Ethno- 
logy or Ethnography being the science which treats of these 
distinctions. It has been shown that Man, though possessing 
a greater elasticity of constitution than most of the lower 
animals, and capable of enduring under almost every climate, 
is still, to a great extent, influenced by the external conditions 
by which he is surrounded, both in his physical and mental 
relations. Whether owing to these influences, or arising from 
aboriginal differences which science cannot explain, Man now 
appears in several varieties or races — each occupying well- 
marked territories on the globe, and distinguished by pecu- 
liarities of colour, form of head, facial expression, and other 
physical features, as well as by equally obvious intellectual and 
»)cial qualities. These varieties are the Cati^^asian or white, 
the Mongolian or yellow, the American or red, the Ethiopian 
or hla/Jc, and the Malay or brown — each embracing a great 
number of tribes, branches, and nationalities, differing in Ian* 
guage, social polity, and other peculiarities. The Caucasians, or 
Indo-Europeans, inhabit the south-western section of Asia, the 
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northern belt of Africa, and nearly the whole of Europe, and 
have, in modem times, extended their dominion to large areas of 
North and South America, South Africa, South Australia, and 
New Zealand. The Mongolians, concentrated chiefly in Central 
and Eastern Asia, have partially penetrated into Eastern Europe, 
but are most extensively spread in scattered communities along 
the entire seaboard of the Arctic Ocean. The Malays, having 
their headquarters in Malaya and the Indian Archipelago, are 
spread, in one or other of their tribes, over Australia, as well 
as over all the island-groups that stud the bosom of the Pacific. 
The Ethiopians, though drafted hither and thither as the slaves 
of the white man, have been mainly stationary in Africa, the 
natural home and habitat of their race ; while the Americans, 
or Ked Indians, have been equally restricted to the New World 
continent. As a whole, the negro and Ked Indian have made, 
and still make, the least progress in civilisation ; hence their 
easier subjection by the higher races, and hence also their rapid 
disappearance before them. The Malay and Mongolian come 
next in order ; and though some of their sections (Chinese, Ja- 
panese, &c.) have arrived at considerable eminence in the indus- 
trial arts, yet in both races the essentials of higher progress seem 
wanting, and hence their torpid and stationary aspect. By the 
white race alone do we find displayed the higher efforts of bodily 
and mental activity — hence in ancient times the civilisations of 
India, Assjrria, Palestine, Egypt, Phoenicia, Greece, and Home ; 
and in modem times those of Western Europe — Austria, Ger- 
many, France, and Britain ; of the United States and Canada ; 
and, generally, of our colonies, in whatever region of the globe 
they may happen to be established. The conditions favourable 
to this civilisation are partly of a geographical or physical nature^ 
and partly intellectual ; and wherever the two are in fortunate 
conjunction, there the progress of the white race is certain, and 
illimitable as certain. 
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GENERAL REVIEW AND DEDUCTIONS. 

213. The object of Physical Geography being not only to de- 
scribe the external aspects of nature, but to determine the causes 
by which these aspects are produced, it has been necessary in the 
preceding chapters to deal with principles as well as details. In- 
deed, in an elementary outline the piinciples are of more value 
than the descriptions, the learner being readily enabled to extend 
the latter by his own readings of voyages and travels, but only 
intelligibly so when he has mastered the principles upon which 
the phenomena depend. The aim throughout has been to pre- 
sent our planet as subjected to general laws, believing that when 
these are understood there will be little difficulty in comprehending 
their modifications in local and limited areas. Let the learner 
clearly understand the origin, for example, of winds and rains 
— of tides and currents, and he will soon find his way to deter- 
mine the causes that produce their modification in any special 
locality. 

214. In accordance with these views, attention has been di- 
rected to the planetary relations of the earth — its figure, motions, 
dimensions, &c. — as on these depend its light and heat ; its alter- 
nations of day and night, summer and winter ; and, in general 
terms, all that gives rise to change and diversity in its external 
conditions. It was necessary, also, to consider the individual 
structure and composition of the globe, and the geological changes 
which, under the operation of aqueous, igneous, and meteoric 
forces, that structure has been and is still undergoing. Seizing 
upon its present terraqueous aspects (its lands and waters), the 
more immediate province of our science was to investigate their 
relative distribution — the disposition, highlands, and lowlands of 
the one, and the configuration, waves, tides, and currents of the 
other. Understanding the relations of land and water, and 
their necessary actions and reactions on each other, attention was 
next directed to the atmosphere by which both are surrounded, 
through which the light and heat of the sun are diffused to both, 
and in which are elaborated the winds, rains, frosts, snows, and 
other phenomena that constitute the essentials of weather and 
climate. 
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215. The consideration of this earth revolving through space as 

part of tlie solar system, composed superficially of land and water, 

surrounded by an atmosphere, and receiving heat, light, and other 

influences from the great central orb, constitute what may be 

termed the physical or inorganic aspects of geography. On the 

other band, the study of the earth as peopled by plants and 

animals, and inhabited by man, capable of applying the whole 

to bis own social and moral advantage, form its vitcU or organic 

/eattifes. The study of the vital world — the disti'ibution of its 

plants and animals, the causes concerned in that arrangement, 

and the dependence of the one kingdom on the other, is one of 

the most attractive themes in geography. Still higher, however, 

and of more immediate interest, is that which deals with our own 

race — their physical and mental peculiarities, their dispersion 

over the globe, and the question how far geographical conditions 

may influence their social, mental, and moral progress. 

216. But our science has its practical as well as theoretical 
importance — its economic as well as its scientific aspect& A 
knowledge of the distribution of sea and land — the winds, tides, 
and currents of the one, and of the highlands, lowlands, and cli- 
mate of the other — is indispensable to successful navigation, com- 
merce, and agriculture. The duty of determining the earth's 
mineral, vegetable, and animal products, and how far they can be 
rendered available for the purposes of everyday life, is not less 
imperative than the solution of its physical and vital problems. 
It is of vast importance to know, but it is not less important to 
learn how to apply. All knowledge of nature is good of itself, 
but its value is doubly enhanced when it is made to minister to 
our common humanity. Combining, therefore, its theoretical 
with its practical bearings, and remembering that every country 
is characterised by its own natural products, and has consequently^ 
something that no other country can supply. Physical Geography 
has paramount claims alike on the attention of the philosopher, 
the statesman, the sailor, the farmer, the merchant, and manu- 
facturer. 

217. Such, in general terms, is the aim and scope of Physical 
Geography ; but it must be borne in mind that, subjected to the 
aqueous and igneous forces described in Chapter TIL, the aspects 
of the globe are continually undergoing change and modification. 
These changes may be all but imperceptible even for several 
generations ; but in process of time they become sufficiently ap- 
parent, and stamp new features on the external conditions of the 
globe. The air and water, ever wearing and wasting the rocky 
surface in one district, and collecting the eroded material in 
another — the earthquake ^nd volcano, elevating the solid crust 
in one region and depressing it in another, are ever changing the 
relative positions of sea and land ; and thus the seas and lands of 
the future must differ from the seas and lands of the present, as 
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those of the present differ from what Geology ajasures us existed 
in time past. Every change of the external relations of sea and 
land implies a corresponding change in the nature and distribu- 
tion of plants and animals ; and here, again, the life of the future 
must differ from that of the present, as the present differs from 
that revealed to us by the researches of Geology. 

218. In this way the student of Physical Geography must 
regard the earth and all its relations — physical and vital — as in 
a state of incessant change and progress. The changes may be 
slight — so slight as to pass unobserved — yet still they are not on 
that account less real or certain. Bearing these facts in mind, 
we can more readily comprehend why the rocks (the old sea- 
sediments) of one region should differ from those of another, 
why the mountain aspects of the one should differ from those of 
the other, and why one tract should #be low and alluvial, while 
another is high and rocky— each feature being the product of a 
certain time and change in the earth's relations. It is also by 
bearing in mind this great feature of incessant change that we 
can account for the similarities and differences that exist between 
the flora and fauna of different regions — regions that may at one 
time have been continuously connected by land, though now 
widely separated by expanses of ocean. The plants and animals 
of Britain, for example, claim kindred with those of Europe, and 
this through land connections that existed long before their sepa- 
ration by the Strait of Dover. It is, in fine, by carrying this 
idea of mutation into all our reasonings, that Physical Geography 
becomes a more intelligible part of World-history — connecting 
the past with the present, and bearing the present into the 
inevitably approaching future. 

219. As formerly stated, the chief agents concerned in the 
modification of the earth are the winds, rains, frosts, and snows 
of the atmosphere, which are ever loosening and disintegrating 
the exposed rocky surface ; the streams, rivers, waves, tides, and 
ocean-currents, which are incessantly wearing and wasting and 
re-depositing the eroded materials along the bottom of the sea ; 
and the earthquake and volcano, whose operations are alike in- 
cessant in upheaving and depressing the crust — now raising the 
sea-bed into dry land, and now submerging the dry land beneath 
the waters. The consideration of these agencies belongs more 
especially to Geology ; but their results bear so directly on the 
terraqueous surface that they cannot possibly be overlooked by 
the geographical observer. Some idea of the magnitude of their 
combined influences may be formed by reflecting on the number 
of streams and rivers that are ever coursing over the earth's 
surface — or the extent of coast-line exposed to the action of waves 
and currents — ^and on the areas in Iceland, Italy, Central Asia, 
Indian Archipelago, Phillipine, Japan, and Aleutian Islands, 
Mexico, West Indies, Andes, and the Pacific islands (see Map of 
Volcanoes in Atlas), that are subjected to earthquake and volcanic 



GENERAL REVIEW AND DEDUCTIONS. 189 

disturbance. Notwithstanding these continual operations, their 
results, for the time being, do not greatly affect the general rela- 
tions of the earth ; and thus Geography is enabled to depict, 
within appreciable limits, its existing aspects in an intelligible 
and available form. 

220. It is this intelligible account of existing appearances, and 
the causes concerned in their production, that constitutes the 
sum and substance of our science. And just as this account is 
founded on correct observation, and harmonises with sound in- 
duction, so the more rapidly will Physical Geography attain to 
perfection. " It is not enough for it" (in the eloquent language 
of M. Guyot) " coldly to anatomise the globe, by merely taking 
cognisance of the arrangement of the various parts which com- 
pose it. It must endeavour to seize those incessant mutual 
actions of the different portions of physical nature upon each 
other — of inorganic upon organised beings, upon man in particu- 
lar, and upon the successive developments of human societies ; in 
a word, studying the reciprocal action of all these forces, the 
perpetual play of which constitutes what may be called the Life 
of the Globe, it should, if I may venture to say so, take up its 
Physiology." Understanding it in this light, the scheme of nature 
becomes invested with new interest, its various portions assume 
new harmony and unity, and man, in his physical, social, and 
moral development, stands in a clearer and closer relationship to 
the whole. 
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*«* Thejlguret refer to the paragraphs of the text in vhich the particular 

(eim or tubject occurg. 



Abybsinian mountain-sysiein, character Balkan Mountains, Alpine Bystem, 51. 

of, 67. BathymetricJil zones of vegetation, 189. 

Acclimatisation of vegetable forms, 191. Basin, river-basin, drainage-laasin, &c., 
African mountain-systems, description 116. 

of, 67. Beach or strand, definition of, S2. 

Agricultural zones of vegetation, 190. Boiling-point of water, 141. 

Aiguilles (Fr.), or needle-tops, defined, 47. Bolivian table-land, character of, 66. 

Alleghany Mountains, Appidachian sys- Botuiical regions and provinces, 190. 

tern, 68. Brahmapootro, leading characteristics of, 
Alpine mountain-system and its chains, 188. 

61. Brazilian mountain-system, described, 6S. 

Amazon, leading characteristics and tri- Breezes, sea and land, origin of, 159. 

butaries, 125. British mountain-system and its mem- 
American variety of human race, 307. bers, 60. 
Andes, mountain-system of, described, 

61. Calms, zone of, and variable winds, 154. 

Animals and plants, mutual dependence Carboniferous or coal formation, charao- 

of, 198. ter of, 28. 

Animals, distribution of, over the globe. Carnivorous and herbivorous, depend- 

192-197. ence between, 198. 

Antipodes (Gr. anti, opposite ; poiM, Carpathian mountain-chain, Alpine sys- 

podoe, foot), 202. tem, 61. 

Apennine and Sub-Apennine mountains, Carses, or alluvial river-flats of Scotland, 

61. 68. 

Appalachian mountain- system, nature of, Caspian Sea, depressed area of, 76. 

69. Castilian or Spanish table-land, 65. 

Aqueous agents of change, 216. Caucasian mountain-system, its nature, 
Aialo-Caspian basin, its characteristics, 52. 

181. Caucasian variety of human race, 206. 

Archipelagoes, arrangement of islands in, Centrifligal force, effiects of, on earth's 

41. form, IS. 

Arctic and Antarctic Oceans, areas and China, principal rivers of, 127; the low 

leading features, 82. river-plains of, 70. 

Arctic and Antarctic circles, 19. Circles, greater and lesser, definition of, 
Arctic zone of vegetation, chiu^uster of, 20. 

186. Civilisation, conditions of its progress, 
Armenia, moxmtain plateaux of, 64. 210, 211. 

Asiatic mountain-systems, western sec- Climate, causes affecting its character, 

tion, 63; south-eastern system, 64; 176-179. 

eastern system, 65 ; northern system, Climates, insular and continental, 147, 

56. 177. 

Atlantic Ocean, area and leading features, Climatology of the globe, 189-179. 

79 ; currents of, 98-101. Clouds, formation and character of, 165. 

Atias system of mountains, character of, Coast-line, importance of irregularity in, 

67. 41 ; nature and character of, 32. 

Atmospheric agents of change, 216. Colorado river, characteristics of, 127. 

Atmosphere, its nature and constitution, Columbia river, chief features of, 127. 

139-143 ; pressure of, 141 ; extent of, Cone, mountain-cone, character of, 47. 

140 ; heat and moisture of, 144-160 ; Continent (Lat con, and tenene, holding 

composition, density, and character together), 34. 

of, 17. Continental river -basins, features of; 
Avalanches, nature of, 178. 181. 
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Contbienta or qoArteraof fhe globe, areas 
of, 84. 

Continents, fheir contour, relief, and posi- 
tion, 40-46. 

Contour or horizontal disposition, 41, 
42. 

Contouring, method of, Recapitulation, 
p. 60. 

Coral zone of life in the ocean, 189, 105. 

Coralline zone of life, explanation of, 189, 
196. 

Go-tidal lines, map of, 92. 

Counter-currents, nature and definition 
of, 9d. 

Craig and tail, phenomenon of, described, 
47. 

Cretaceous or chalk formation, character 
of, 28. 

Crust of the earth, structure and forma- 
tion of, 22-90. 

Cultivated plants, extension of, 197. 

Currents of the ocean, nature and courses 
of, 98-107. 

Cyclones, or circular wind-storms, 168. 

Danube, the, leading characteristics of, 
1S3. 

Day, cause and duration of, 10. 

Dead Sea, remarkable depression of, 96. 

Deccan, triangular table-land of, 64. 

Deltas and alluvial river-flats, 68. 

Density of globe, and of its rocky crust, 
15. 

Devonian, or old red sandstone system, 
28 

Dew and dew-point, nature of, 164. 

Dome, mountain-dome, form and deflni* 
tion, 47. 

Domesticated animals, extension of, 107. 

Dovrefeld Mountains, Scandinavian sys- 
tem, 62. 

Eabth, the, its motions, daily and annual, 
10 ; figure and dimensions, 11-14 ; den- 
sity, temperature, &c., 15-17 ; technical 
subdivisions, 18*21. 

Earthquake- waves, destructive nature of, 
89. 

Earthquakes, as agents of terrestrial 
change, 216. 

Elevation, mean, of the respective con- 
tinents, 45. 

Elevation of land, eflfects of, on tempera- 
ture, 43. 

Equatorial zone of vegetation, limits of, 
185. 

Equator (Lat. cBquus^ equalX defined. 

Estuary (Lat.) or firth, definition of, .37. 

Etesian or annual winds of Europe, 161. 

Ethiopian variety of mankind, 208. 

Ethnology, races and varieties of man, 
200-210. 

Europe, area of, 84 ; mountains of, 50-62 ; 
plains of, 69 ; rivers of, 122, 123. 

Evaporation of moisture from sea and 
land, 148. 

Exotic and indigenous, meaning of the 
terms, 186. 



Fauka (Lat), definition of, 181. 
Fiords, or narrow rocky inlets of the sea, 

37. 
Flora (Lat-X application of the term, 181. 
Fogs, nature and cause of, 165. 
Formations composing the eurth's crust, 

26. 
Fossils, their nature and geological value, 

26. 
Frazer river, main features of, 127. 

Ganges, characteristics and tributaries 
of, 128. 

Ckography, definition of, 1 ; Mathemati- 
cal, Political, Descriptive, and Physical, 
2 ; Physical, 8. 

Geology and Physical (Geography, con- 
nection between, 80. 

(Germanic plain, its physical features, 69. 

Ghauts, eastern and western, mountain- 
chains, 64. 

Glaciers, nature and formation of, 173. 

Gobi or Shamo, arid desert of, 64. 

Grampian mountain-range, British sys- 
tem, 50. 

Granitic rocks, nature and composition 
of, 29. 

Habmattan or hot wind of Senegambia, 
161. 

Heat, absorption and radiation of, 146, 
147 ; origin and nature of, 172. 

Herbivorous and carnivorous, depend- 
ence between, 198. 

Highlands of the world, 46-66. 

HiU and hillocks, definition of, 47. 

Himalayan Mountains, description of, 54. 

Hindostan, great river-plain of, 70. 

Hindu Eoh or Hindoo Eosh Mountains, 
6.3. 

Hoang-ho or Yellow river of China, 127. 

Hoar-frost, formation and character of, 
172. 

HuiTicanes, nature and origin of, 163. 

Hypsometrical zones of vegetation, 183, 
184. 

Ibebtan, Hesperian, or Spanish moun- 
tain system, 60. 

Icebergs, nature and formation of, 178. 

Igneous agents of change, 216. 

Indian Ocean, area and leading features, 
81 ; currents of, 105. 

Indigenous and exotic, definition of the 
terms, 183. 

Indo-European race of mankind, 205. 

Indus, the, its tributaries and delta, 
128. 

Inorganic and organic, distinction be- 
tween, 180. 

Iran or Persia, table-land of, 64. 

Irawady, main river of Bnrmah, 128. 

Isocheimal or Isocheimonal lines, de- 
fined, 179. 

Isotheral lines, explanation of, 179. 

Isothermal Unas, nature of, explained 
179. 

Isthmus, definition of, 86. 
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Karoos or arid terrace-lands of South 
Africa, 65. 

Khamsin or hot wind of Bgjrpt, 161. 

Kiolen or Kolen Mountains in Scandina- 
via, 52. 

Knen-lun Mountains, characteristics of, 
55. 

Lagoons or Lagunes (Ital.), shallow sea 

lakes, 37. 
Lakes and lacustrine areas, 182-138; 

lakes, their functions, 133 ; lakes, the 

principal, 134-188. 
Tianiinarifln zone of vegetation, 189 ; of 

animals, 196. 
Land, its natural subdivisions and terms, 

35 ; its superficial configuration, 40-45 ; 

its highlands, 46-66 ; its lowlands, 67- 

76. 
Land or continental hemisphere, defined, 

33. 
Land and water, action and reaction of, 

39; distribution of, 31-39: relative 

proportions of, 32. 
Langefeld Mountains in Norway, 62. 
La Plata, leading features of, 125. 
Latitudes, low, high, and middle, mean- 
ing of, 21. 
Latitude and longitude, definitions of, 21. 
Life-stratum, definition of the term, 182. 
Littoral (lat. litttu, the shore) zone of 

life, 189, 196. 
Llanos or grassy plains of the Orinocco, 

68, 73. 
Lochs, sea-arms or rocky inlets of the 

sea, 37. 
Longitude and latitude, definitions of, 21. 
Lowlands or plains of the world, 67-76. 

Malay variety of human rare, 209. 

Man, as affected by external conditions, 
200-202. 

Marine fauna, distribution of, 194 ; flora, 
189. 

Meridians (Lat. meridia, mid-day), de- 
fined, 20. 

Mesopotamia (Or. me»oif middle ; potor- 
mos, riverX plain of, 70. 

Metamorphic or crystalline schists, na- 
ture of, 28. 

Mexican table-land, nature and aspect 
of, 66. 

Missouri, leading features of, 126. 

Mississippi, characteristics and tributa- 
ries of, 126. 

Mists, origin and nature of, 165. 

Modifying causes operating on the earth, 
214, 216. 

Mongolian variety of human race, 206. 

Monsoons, origin and nature of, 157. 

Month, cause and duration of, 10. 

Moon, motions and dimensions of, 10. 

Mountains, their characteristics and ori- 
gin, 46, 49. 

Mountains and mountain-systems, 47, 48. 

Murray river, of South Australia, 129. 

Nkobo variety of human race, 208. 



New red sandstone svBtem, character of. 

28. 
Nile, the, characteristics of, 124 ; delta 

of, 68. 

Oasis, or islet of vegetation, in the Sa- 
hara, 71. 

Ocean, the, and its subdivisions, 36. 

Ocean, saltness of, 84 ; density of water, 
86 ; depth, 87 ; temperature, 89 ; co- 
lour and luminosity, 90; waves, 91; 
tides, 94 ; currents, 98-107 ; areas of, 
81. 

Ohio, the, chief characteristics of, 126. 

Old red sandstone system, nature and 
composition, 28. 

Oolitic system, nature and composition 
of, 28. 

Organic and inorganic nature defined, 180. 

Orinocco, the leading characteristics of, 
125. 

Pacific Ocean, area and leading features, 

80 ; currents of, 106. 
Palms, zone and regions of, 187. 
Pampas or thistly fiats of La Plata, 68, 73. 
Pampero, or hurricane wind of the Ftaa- 

pas, 162. 
Parim^ mountain-system, described, 68. 
Passes, mountain-passes, and defiles, 47. 
Patagonia, desert terrace-lands of, 73. 
Peninsula (Lat. pene, almost ; inntlaf is- 
land), 35. 
Peninsulas, general southward bearing 

of, 41. 
Permian or lower new red sandstone 

system, 28. 
Physical geography, definition of, 3, 4 ; 

theoretical and practical importance 

of, 6 ; hints to the learner, 7. 
Physiognomy of vegetation in certain 

areas, 190. 
Plains and deserts, characters of, 67-73. 
Planetary relations of the earth, 8-21. 
Planets and planetoids, 9. 
Plants, special distribution of, 184. 
Plants and animals, distribution of^ 180- 

199 ; mutual dependence of, 198. 
Plateaux or table-lands, 64-66. 
Polar zone of vegetation, definition of, 

186. 
Polders or embanked meadow-flats of 

Holland, 69. 
Poles, north and south, defined, 18. 
Post-tertiary formation, character of, 28. 
Prairies (Fr.) or plain-lands of North 

America, 68, 72. 
Profile and contour, Olustration of, p. 60. 
Puna winds of the Andes, 162. 

Rain, formation and amount of, 166-172. 

Rainfall, constant, periodical, and vari- 
able, 109-172. 

Rainless tracts of the Old and New 
World, 171. 

Regions of vegetable distribution, 190. 

Representative species, meaning of, 196. 

Review of facts and principles, 210-817. 
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Rhine, the, charaeteristics, 123. 

Rhone, the, leading features of, 128. 

Rivers and river-syfitemg, 115-131 ; char- 
acteristics of, 115-121 ; technicalities, 
116. 

Roads and roadsteads for anchorage, 87. 

Rocky Mountains, members of, 60. 

Sahara, the, great arid desert of AfHca, 
71. 

Salt lakes and inland seas, 135. 

Sand pillars, origin and nature of, 163. 

Sargasso (Span.) or Grassy Bea, 108. 

Sarmatian mountain-ssrstem, 62. 

Sarmatian plain, characteristics of, 69. 

Satellites (Lat. satelleSf an attendant), 9. 

Scandinavian mountain-system, its na- 
ture, 52. 

Sea and land breezes, origin of, 159. 

Seaboard, nature and character of, 32. 

Seas, their areas and configurations, 77-88. 

Seasons, nature and cause of, 11. 

Sea-water, its composition and character, 
77, 84-90. 

Selvas (Lat. silva), wooded flats of the 
Amazon, 68, 73. 

Shore-line, nature and definition, 82. 

Siberian plain, physical features of, 69 ; 
rivers, 122. 

Silurian system, nature and composition 
of, 28. 

Simoom, or hot wind of the deserts, 161. 

Sirocco, or hot wind of Sicily and Italy, 
161. 

Slope and counter-slope^ definition of, 44. 

Snow-blink of polar rt^ons, 174. 

Snow-blanket, protectiog power of, 174. 

Snow, formation and nature of, 172. 

Snow-line, definition of, 146, 172. 

Solano, or hot south wind of Spain, 161. 

Solar system, members of, 9. 

Springs, origin and characteristics of, 
109-112. 

Stannovoi Mountains, North-eastern Asia, 
65. 

Steppes, or grassy plains of Northern 
Asia, 69. 

St Lawrence, the, characteristics of, 126. 

Straths, or ancient ri^r-plains of Scot- 
land, 68. 

Stratified rocks, their origin and charac- 
ter, 24. 

Streams, origin and characteristics of, 
113-114. 

Sub-arctic zone of vegetation, 186. 

Sub-tropical zone of vegetation, character 
of, 186. 

Table-lands or plateaux, 64-66. 
Tartary, desert table-lands of, 64. 
Taurus and Anti-Taurus mountains, 63. 
Temperate (wanner and colder) zones of 
vegetation, 185. 



Temperature of globe, superficial and in- 
ternal, 16. 

Terrestrial fauna, distribution of, 193; 
fiora, 185. 

Tertiary formation, structure and com- 
position of, 28. 

Thian-shan or Celestial mountain-range, 
66. 

Thibet, elevated plateau of, 64. 

Tides, origin, nature, and courses, 94-97. 

Titicaca lake, features of, 137. 

Trade-winds, nature and origin of, 162. 

Trappean rocks, nature and composition 
of, 29. 

Triassic or upper new red sandstone 
system, 28. 

Tropical zones of vegetation, character 
of, 186. 

Tropics, the (6r. troph, a turning), de- 
fined, 19. 

Tundras, or frozen peat-bogs of Siberia, 
68, 69. 

Turan, plain or steppe-land of, 70. 

Typhoons, origin and nature of, 163. 

Unstratified rocks, their origin and 

character, 24. 
Ural or Uralian mountain-system, 52. 

Valdai hUls of Central Europe, 52. 
Valleys and minor depressions of the 

land, 74-76. 
Varieties of human race, 203-208. 
Vertical relief or elevation, 43-45. 
Vine, regions of, described, 187. 
Volcanic and earthquake areas, 216. 
Volcanic rocks, nature and composition 

of, 29. 
Volcanoes as agents of terrestrial change, 

216. 

Water, the, its oceans and seas, 77-107 ; 
its rivers and lakes, 108. 

Water or oceanic hemisphere, defined, 
83. 

Waterspout, nature and cause of, 163. 

Waves, nature and character of, 91, 92. 

Western, Pacific, or Rocky Mountain 
system, 60. 

Whirlwinds, nature and cause of, 163. 

Winds, constant, periodical, and vari- 
able, 150-164. 

Tablanoi Mountains, North -Eastern 

Asia, 66. 
Tang-tse-kiang, leading features of, 127. 
Tear, cause and duration of, 10. 

Zambesi or Zambesi, great river of East- 
em Africa, 129. 

Zones, torrid, temperate, and frigid, 19. 

Zones of vegetation, 185; of animals, 
ld& 
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FROM THE "TIMES," DEC. 27, 1861. 

V^O one can look throttgh Mr Keith Johnston's new Atlas without seeing that it 
-i■^ is the best which has ever been published in this country. To those who 
have a mean idea of our British map-makers perhaps this is not saying much. 
Let lis therefore add that the new Atlas takes away from us a reproach, and is 
worthy of a place beside the best of the Continental ones. It is a fit successor 
to that other production of Mr Johnston's, the Physiml Atlas, which is quite 
unique among such works for beauty of execution and richness of information. 
In the present volume we have, at a charge of five and a half guineas, about 50 
most carefallfT prepared and highly finished maps, together with a special index 
to each, containing all the names that appear in it. The price, therefore, of these 
remarkably accurate and beautiful maps is no more than 2s. for each — a fabulous 
sum, if we consider the amount of work which they contain. " The plan of this 
work," says Mr Johnston, "was deliberately considered years before it was com- 
menced. Arrangements were carefully made for rendering available an immense 
store of the richest materials in maps, charts, and books, collected at great labour 
and expense, and the most approved method of constructing, drawing, engraving, 
and printing the maps was adopted. Nearly five years of constant labour have 
been devoted to its preparation and production, but it embodies the results of a 
systematic study of practical geography in its many departments, extending over 
a quarter of a century. *' The work thus contains the latest infonnation presented 
to us in the most attractive form, every new appliance in chartography being 
turned to the best account. 

It is a small matter, but it will indicate the numberless little touches by which 
Ur Keifli Johnston has added to the useflilness of his Atlas, if we say that on 



opening fhe Tohime we ham the pleemne of seeing the maps nnmbered on the 
nek as well as on the front. In the ordinaiy atlaae8» when we open the Tolnme 
and see two blank pages befoie as^ we know not where we are, and have to torn 
over the page in order to flbul oat. Here, at whatever page we open, we see a 
number before us, and are therefore spared a little trouble. The next point we 
observe b a peculiar nae of li^t blue ink on all the maps. Wherever water is to 
be repraented— either the sea-coast, or a river, or a lakcH-the water-line is printed 
in blue ink ; and not only is the conligmration of this colour, but so also are the 
accompanTing names. The result is certainly most satisfactory. Mndi confo- 
sion is got lidof, and the outlines of land and water stand out dear and beautifal 
to the eye. At a gjUmce we can see the whole watercourse of a country; and are 
saved firom the bewildering crowdedness of the old style of map. As we proceed 
in our examination we find that Mr Keith Johnston, for the easier discovery of 
places, has lettered the sides of each map, in correspondence with an index, so 
that by a reference to the letters on two adjacent sides we can see on which of 
the squares formed by the lines of latitude and longitude any name is to be foond. 

This is easier than giving the latitude and lon^tude in the index. 

There is not much to be done with the first of the maps in'any graeral atlas— 
namely, that of the World in Hemispheres. Let us, therefore, turn to the much 
more improvable chart of the World on Mercatov's Projection. On this Mr John- 
ston has put forth all his skill, and he has succeeded in producing something 
very valuable. It is especially valuable for Rnglishmen that the map is so 
arranged as to include the BriUsh Islands twice over. They appear at the ex- 
treme east and the extreme west of the map, so that, looking east or west, we 
can at once see the relations of England to the other parts of the g^obe. Over 
and above this, we cannot help noticing the part which the ocean plays in Mr 
JohnJBton's maps. According to the old system the s?a is a blank, except where 
it is relieved by islands. Here all the great currents and streams are displayed, 
and the routes of vessels from port to pott are elaborately indicated. Still more 
is Uiis the case in a valuable map of the Basin of the North Atlantic Ocean. We 
have here the entire seaboard of North America, With that of the northern por- 
tion of South America, for one side of the Atlantic; and we have the seaboard of 
Western Europe, as well as of Northern Africa, for the other. Between tliese we 
have the entire island system of the North Atlantic, the Gulf Stream, and all the 
other currents of the ocean, together with the routes traversed by every class of 
vessel on the voyage across the Atlantic. And here we are reminded that this is 
one of a class of maps which it is difficult to get. It is unusual to give it in the 
ordinary atlases. Equally unexpected in a collection of this kind is that most 
valuable map, the Basin of the Mediterranean, showing at a glance ^ the shores 
of this sea, and their relation to those of the Black Sea. To show how completely 
every detail is worked out, we may state, that in the comers and sides of Ihis 
map there are inserted seven elaborate plans of different places — a plan of the 
port and roads of Marseilles, one of the port and gulf of Genoa and of the Straits 
of Gibraltar, one of the Maltese Islands, one of the harbour and town of Valetta, 
one of the lagoons of Venice, and one of the port of Alexandria. Nearly all the 
maps, indeed, have these supplementary plans. Thus, that of France has plans 
of the citjr and suburbs of Paris, of the island of Corsica, and of France as divided 
into provinces before the Revolution. So the map of Italy has plans of Rome 
and of Naples, together with their environs ; and a most elaborate map of the 
Basin of the Baltic has a plan of St Petersburg and its suburbs. We find the 
same carefulness in everv map. All our colonial settlements are given with 
remarkable fulness. With regard to the Map of Indi^ perhaps there may be 
some difference of opinion, not indeed as to the excellence of the chart, but as to 
the spelling of the names. It is at first puzzling to see the Mysore spelt ' ' Maisur, ** 
and Lucknow " Lakhnau." Mr Johnston says that this vexed question has caused 
him much anxiety, and tliat he has simplv adopted the scientific method of spell- 
ing introduced by Sir William Jones, and used by the Asiatic and other learned 
societies in the Trigonometrical Survey^ as well as by the author of Murray's 
Handbook for India. At all events, he has done his best to prevent any confusion 
by printing the received spelling of the name in coi\junction with the scientific 
orthography. Perhaps he might have made an exception in favour of certain 
well-known names, but we are not disposed to speak of his omission to do so aa 
an unpardonable crime. The advance of this Atlas upon its predecessors is so 
marked that it is hypercritical to dweU upon a point of spelling which any one 
trho will use the map can in a few minutes masfer. 
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OPINIONS OF THE PRESS. 

AthBttgnm, August 10, 1861. 

Under the name of " The Royal Atlas of Modem Geography," Messrs 
Blackwood and Sons have published a book of mape, which for care of 
drawing and beauty of execution appears to leave nothing more to hope 
for or desire. Science and art have done their best upon this magnifi- 
cent book. Mr A. Keith Johnston answers for the engraving and print- 
ing : to those who love clear forms and delicate bold type we need say 
no more. All that maps should be, theae maps are : honest, accurate, 
intelligible guides to narrative or description. A very good feature is 
the Index of Names attached to each plate, with the easy mechanical 
Birangement of lines by which any particular name that may be sought 
is at once found on the map. Of the many noble atlases prepared by 
Mr Johnston and published by Messrs Blackwood and Sons, this Royal 
Atlas will be the most useful to the public, and will desire to be the 
most popular. 

Honung Herald. 

There is scarce any science which has of late made such progress as 
that of chartography. But the culmination of all attempts to depict 
the face of the world appears in the ''Royal Atlas," than which it is 
impossible to conceive anything more pei^ect. The only way to test 
the value of maps is to select those spots which one thoroughly knows, 
and from them to judge of the remainder. Never did an atlas stand 
this searching examination so well as the folio work just published by 
the Messrs Blackwood^ and bearing on its title the honoured name of 
Keith Johnston. We have carefully gone over the coast-lines and the 
interior delineation of several portions of Europe, and of North and 
South America, with which we nappen to be familiar, and, so far as we 
have examined, there is not merely not an error, but the absolute per- 
fection of accuracy. .... The most magnificent geographical work 
that has ever issued from the press. Considering the labour expended 
on it, and the style in which it is got up, its cheapness is not its greatest 
marvel. 

Guardian. 

This is, beyond question, the most splendid and luxurious, as well as 
the most useful and complete, of all existing atlases. To a habitual 
consulter of maps (which every reader of history and every man of 
science ought to be) there can hardly be a greater luxury than these 
beautiful sheets, which it is a pleasure for the eye to' travel over, and 
upon which a vast quantity of the finest and most delicate work repre- 
sents a more than corresponding mass of various information. In one 
large but not cumbrous folio volume Mr Keith Johnston has given us as 
perfect an atlas as can well be desired, embracing the results of all the 
most recent discoveries in every part of the world, as well as most of the 
territorial changes that have lately occurred in Europe. .... A 
dose examination of several different parts of Europe which are very 
familiar to us, satisfies us of the remarkable accuracy with which the 
work is done ; it is very rarely that we miss even a new road, where, 
according to the scale of the map, a road should have been g^ven. 
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OPINIONS OF THE PRESS. 

Satnxday IteviBw. 

The completion of Mr Keith Johnston's MwtU Atlas of Modem Oeo- 
grapky claims a special notice at our hands. While Mr Johnston's maps 
are certainly unsurpassed by any for le^bility and uniformity of draw- 
ing, as well as for accuracy and judicious selection, this eminent geo- 
grapher's Atlas has a distinguishing merit in the fact that each map is 
accompanied by a special index of remarkable fulness. The labour and 

trouble of reference are in this wa^ reduced to a minimum 

The numbcn* of places enimierated in the separate indices is enormous. 
We believe indeed that every name which appears in the maps is regis- 
tered in the tables ; and as each place is indicated by two letters, which 
refer to the squares formed by the parallels of latitude and longitude, the 
method of using the index is extremely easy and convenient. .... 
We know no series of maps which we can more warmly recommend. The 
accuracy, wherever we have attempted to put it to the test, is really 
astonishing. , 

Examiner. 

There has not, we beUeve, been produced for genwal public use a 
body of maps equal in beauty and completeness to the Royal Atlas just 

issued by ^lr A. K. Johnston In beauty and clearness of 

engraving it has never been surpassed, and the fulness of information in 
such maps as the five representing the United Kingdom (England and 
Scotlantf each being enlarged so as to fill two maps, upon which the name 
of every hamlet has been entered), or the two representing India, is mar- 
vellous. We have a mechanical perfection of name-engraving in the 
crowded map of the North of England and the Southern sheet for Soot- 
land ; the last named being an especial labour of love, which includes 
even the footpaths, records sites of battles, and notes minutely many 
physical features of Uie country, is one of which a Scotchman may be 
proud. Something of beauty as well as much clearness is given to the 
engraving by the use of blue ink instead of black for the name of every 
lake, river, canal, harbour, bay, or other form of water. There are also 
ten or twelve forms and sizes of letters used to express the character and 
relative importance of the places named. 



Globe. 

This is one of those elegant and complete works which have given Mr 
Johnston his high reputation. The maps of this Atlas were originally 
published in parts, and at the time we expressed our high opinion of the 
plan and execution ; we have now only to repeat that opmion. The 
beauty of the work equals its accuracy. Exquisitely engraved, coloured 
with clearness and decision, roads, rivers, and mountains distinctly 
marked, all the maps are grateful to the eye, and some are really beau- 
tifol pictures ; now they are all bound together, they form one of the 
handsomest as well as one of the most useful volumes in the shelves of 
a library. The maps are ** up to date** in point of modem discovery. 
They are original, and have been compiled from authentic sources, gen- 
erously plac^ at Mr Johnston's disposal, not only by our own but by 
many foreign Qovemments. 
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OPINIONS OF THE PRESS. 
From VoayeUefl Annales dee Voyages, kc,, January 1861. 

Ainsi dispose, 1' Atlas Royal de Keith Johnston, dont S. M. la Reine 
Victoria a daign^ accepter 1 hommage» offre un repertoire des plus com- 
plets de retat de la science g^graphique k notre ^poque. II nous a 
pani digne du haut patronage sous lequel il est place, ei nous pensonii 

3uHl est destine k rendre d'utiles services auz savants comme aux gene 
u monde. 

V. A, Maltk-Bbun. 



Scotsman. 

To go over the maps seriaiim, noticing additions and improvements, 
would be tedious and somewhat unprofitable. An almost daily reference 
to, and comparison of it with others, since the publication of the first 
part some two years ago until now, enables us to say, without the 
slightest hesitation, that this is by far the most complete cmd authentic 
atias that has yet been issued. In the whole of that time we failed to 
detect more than two or three errors, and these were so very trifling 
that we have forgotten what they were. 

Bulletin de la Soci6t6 de G^ographie. 

Mais entre les grande atlas, je dois vous signaler de preference I'AUas 
Royal de G6ographie Moderne publie par le savant auteur de 1' Atlas 
Physique, M. Alexandre Keith Johnston. Executees par une personne 
qui 8* est tenue au courant des decouvertes dont s'est'enrichie la connais- 
sance du globe, et des changements dans la circonscription des etats. 

From the Address of Sir B. I. Mnrchison, President of the 
BajH Geographical Society. 

Having called your attention in days gone by to the improvements 
made in chartography by Mr A. Keith Johnston, and to his zealous and 
successful endeavours to lay before his countrymen on maps all the chief 
data of Physical Science, I have now the satisfaction of adverting to his 
last important work— a new General Atlas. Fifteen years have elapsed 
since he published his National Atlas : the author felt that the time was 
come for the production of an entirely new work, which would embrace 
all the recent discoveries and all the territorial changes. In accomplish- 
ing his task, Mr Johnston has thoroughly succeeded in placing before the 
pm>lic a series of sheets in each region on a very convenient scale, and 
also by a judicious selection of names, arranged on a special index ac- 
companying each map, which at once directs the observer to the posi- 
tion of any place. But that which most pleases my eye and instructs 
me, is the remarkable distinctness which is given to every water-course, 
lake, canal, or railroad by the use of light blue ink ; by this process 
the orography and skeleton of every country stand out in clear relief, 
the ouUines being never intermingled or confusing the eye as in old 
maps. In short, this beautiful Atlas will I have no doubt be generally 
approved, and its sale will 1 trust reward the author for his long and 
arc^uous labours. 
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THE PHYSICAL ATLAS 



OP 



NATURAL PHENOMENA. 

A NEW AND ENLARQED EDITION. 

Consiflting of 85 large and 7 sxnaU Plates, printed in Ck>lonm; and 
145 fblio Pages of Letterpress, indnding an Index contain- 
ing upwards of 16,000 References. 

In Imperial Folio, hf.-bd. in russia or morocco, £8, 8s. 



Thb object of the Physical Atlas is to explain, in a popular and at- 
tractive manner, the results of the discoveries and researches of travel- 
lers and philosophers in all the important branches of Natural Science, 
embracing an investigation into the laws which regulate the formation ' 
of the surface of the globe, the successive changes which this surface has 
undergone, the varied influences of climate and temperature to which it 
is subjected, the effects of these several conditions on the existing species 
of nhmts and animals, as exemplified in their geographical distribution, 
and the combined action of the whole on the present races, national 
dharacteristics, means of subsistence, commercial pursuits, religious pecu- 
liarities, health and progressive improvement of Man. And while the 
facts it enunciates are deduced from inquiries conducted in accordance 
with the soundest principles of inductive reasoning, they are, by a novel 
application of the principles of chartc^raphio delineation, aided by 
colours, signs, and oiagrams, so simply ana forcibly conveyed through 
the eye to the mind, as to be comprehended with ease and recalled with- 
out effort. The book, therefore, has this great recommendation to the 
general reader, that it may be studied with advantage without any pre- 
vious training ; and as each of the branches into which it is divided, 
while elucidating the whole, is complete in itself, it may be overtaken 
in consecutive portions according to taste or requirement ; while the 
complete Index, now added to this edition, will render it instantly avail- 
able for reference on any of the multifarious subjects on which it treats. 
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LIST OV PLATES. 

GEOLOGY AND OROGRAPHY. 
Map 

1.— THE GEOLOGICAL STRUCTURE OF THE' GLOBE. Price 158. 

2.— THE PHYSICAL FEATURES OF EUROPE AND ASIA. By A K. Joror- 

STON, F.R.S.E., Ac. Price 7s. 6d. 
8.— THE MOUNTAIN SYSTEMS OF EUROPR By A. K. Johkstok, 

F.R.S.K, Ac. Price Ts. 6d. 
4.— GEOLOGICAL MAP OF EUROPE. By Sir Roderick Impet Murchisov, 

D.C.L., F.R.S., &c. Ac; and James Nicol, F.R.S.R. &c. Price 10s. 6d. 
5, 6.— GEOLOGICAL AND PALiEONTOLOGICAL MAP OF THE BRITISH 

ISLANDS. In Two Sheets. By Professor Edward Forbes. Price 158. 
7.— THE PHYSICAL FEATURES OF NORTH AND SOUTH AMERICA 

By A. K Johnston, F.RS.E., Ac.; and Professor H. D. Rooer& Price 

78. 6d. 
8.— GEOLOGICAL MAP OF THE UNITED STATES AND BRITISH 

NORTH AMERICA By Professor H. D. Rogers, Boston, U.S. 

Price 10s. 6d. 
9.— ILLUSTRATIONS OF THE GLACIER SYSTEMS OP THE ALPS. 

By A. K. JOHNSTON, F.R.S.E., &c. Price lOs. 6d. 
10.— THE PHENOMENA OF VOLCANIC ACTION. By A K. Jo|IN8TON, 

F.R.S.E., &c. Price 10s. 6d. 
IL-^OMPARATIYE VIEWS OF REMARKABLE GEOLOGICAL PHENO- 
MENA By A K Johnston, F.RS.E. , &c. Price 78. 6d. 

HYDROGRAPHY. 
12.— THE PHYSICAL CHART OF THE ATLANTIC OCEAN. ByAK 

Johnston, F.R.S.B., Ac. ; and Professor H. D. Rogers. Price 15s. 
18.— PHYSICAL CHART OF THE INDIAN OCEAN. By A K. Johnston, 

F.R S.E., Ac. Price 7s. 6d. 
14.— PHYSICAL CHART OF THE PACIFIC OCEAN. By A. K. Johnston, 

F.RS.E., &c. Price 7s. 6d. 
16.— TIDAL CHART OP THE BRITISH SEAS. By J. Soott Russell, and 

A. K. Johnston, F.R.S.E., &c. Price 7s. 6d. 
16.— THE RIVER SYSTEMS OF EUROPE AND ASIA By A. K. Johnston, 

F.RS.E., Ac. Price 78. 6d. 
17.— THE RIVER SYSTEMS OF NORTH AND SOUTH AMERICA. By A K 

Johnston, F.RS.E., &c. Price 78. 6d. 

METEOROLOGY AND MAGNETISM. 

la— DISTRIBtJTION OF HEAT OVER THE GLOBE. By A. K.- Johnston, 
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19.— GEOGRAPHICAL DISTRIBUTION OF THE CURRENTS OF AIR By 
A. K. Johnston, F.R.S.E., Ac. Price 7s. 6d. 

20.— HYETOGRAPHIC OR RAIN-MAP OF THE WORLD. By A K. John- 
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21.— HYETOGRAPHIC OR RAIN-MAP OF EUROPE. By A E. Johnston, 
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28.— TERRESTRIAL MAGNETISM. By Colonel Sabine, RA, V.P.Ra, Ac, 
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BOTANICAL GEOGRAPHY. 
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24.~GEOGRAPHICAL DISTRIBUTION OF THE MOST IMPORTANT 
PLANTS YIELDING FOOD. By Arthub Hbnfrey, F.R.S.,ftc. Price 
7s. 6d. 

25.— GEOGRAPHICAL DISTRIBUTION OP INDIGENOUS VEGETATION. 

By Arthur Henfrbt, F.R.S., dto., and A K. Johnbtok, F.R.S.E., Ac 

Price lOs. 6d. 

ZOOLOGICAL GEOGRAPHY. 
26.— GEOGRAPHICAL DISTRIBUTION OF MAMMALIA OP THE ORDERS 

QUADRUMANA, EDENTATA, MARSUPIALIA, AND PACHYDER- 

MATA By A. K. Johnston, F.RS.E., ftc. Price 10s. 6d. 
27.— GEOGRAPHICAL DISTRIBUTION OF MAMMALIA OF THE ORDER 

OF CARNIVORA. By A. K. Johnston, F.RS.E., Ac, Price 10s. Od. 
28.— GEOGRAPHICAL DIVISION AND DISTRIBUTION OF MAMMALIA 

OF THE ORDERS RODENTIA AND RUMINANTIA By A K. 

Johnston, F.R.S.E., Ac., and G. R. Waterhouse, Esq. Price 10s. 6d. 
29.— GEOGRAPHICAL DIVISION AND DISTRIBUTION OF BIRDS. By 

A K. Johnston, F.R.S.E., Ac. Price 78. 6d. 
80.— GEOGRAPHICAL DIVISION AND DISTRIBUTION OF REPTILIA 

By A K. JoHNenroN, F.R.S.E., &c. Price 7s. 6d. 
SI.— THE DISTRIBUTION OF MARINE LIFE. By Edward Forbes, 

F.R.a Price 108. 6d. 

ETHNOLOGY AND STATISTICS. 
82.— ETHNOGRAPHIC MAP OF EUROPE. By Dr Gustaf Kombst and 

A K. Johnston, F.R.S.E., Ac Price lOs. 6d. 
83.— ETHNOGRAPHIC MAP OF GREAT BRITAIN AND IRELAND. By 

Dr Gusta# Kombst and A E. Johnston, F.RS.E., Ac. Price 10s. 6d. 
84.— MORAL AND STATISTICAL CHART. By A K, Johnston, F.R.S.B., 

Ac. Price 10s. 6d. 
86.— THE GEOGRAPHICAL DISTRIBUTION OF HEALTH AND DISEASE 

IN CONNECTION CHIEFLY WITH NATURAL PHENOMENA By 

A. E. Johnston, F.R.aE, Ac Price lOs. 6d. 



EXTRACTS FROM REVIEWS, kc. 
Sir Jolm HerschelL 
The "Physical Atlas" of Mr Keith JohnstoA — a perfect treasure 
of compressed information. 

Ezaxniner. 
There is no map in this noble Atlas upon which we might not 
be tempted to write largely. Almost every one suggests a volume 
of reflection, and suggests it by presenting, in a few nours, accurate 
truths which it would be the labour of a volume to enforce in words, 
and by imprinting them, at the same time, upon the memory with 
such distinctness that their outlines are not likely afterwards to be 
effaced. The " Physical Atlas" is a somewhat costly work, reckon- 
ing it only by its paper ; but upon its paper is stamped an amount 
of Knowledge that could scarcely be acquired without the reading of 
as many books as would cost seven times the price. 
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10 OEOOBAPHICAL WORKS 

THE PHYSICAL ATLAS. 
Edinburgh Beview. 
The more extensive and elaborate ** Physical Atlas of Natural 
Phenomena^" by Mr A. K. Johnston, of which it would be difficult 
to speak in terms above the mark of its actual merits, embraces 
every part of the subject. It delineates to the eye as well as the 
mind, and far better than by any verbal description, those complesc 
relations of Physical Phenomena on<-the globe which are the true 
foundations of Physical Geography. 

Quarterly Review. 
We know no work containing such copious and exact information 
as to all the physical circumstances of the earth on which we live, 
nor any of \iaiich the methods are so well fitted for the instruction 
of those who come ignorantly to the subject. 

Bulletin de la 8oci6t6 de Gtegraphie. 
LH se termine cet immense travail. Nous avons indiqu§ rapide- 
ment les diverses parties de P Atlas ; nous devons ajouter que cliaque 
carte est accompagn§e d'un texte explicatif, oui fait connattre P^tat 
present de la science. De telles publications font la gloire d'un pa3ra, 
et nous vovons avec un profond sentiment de regret la France de- 
vanc6e par TAllemagne et TAngleterre dans cette voie si belle et si 
feconde. 

Proceedings of Royal Geographical Society. 

Our Associate, Mr Alexander Keith Johnston, has completed the 
new edition of his superb "Physical Atlas." The publication of 
the first edition of this great work, some ten years since, had the 
effect of introducing into this country almost a new«ra in the popu- 
lar study of Geography, through its attractive and instructive 
illustration of the prominent features of the science. This second 
edition is to some extent entirely a new work, owing to the additions 
and improvements which have been introduced. I have only to 
refer to the names of Murchison, Forbes, Brewster, Ami Bou§, and 
Berghaus, to stamp the high character of the work ; but I must not 
omit to mention, amons new contributions, the Geolo^cal Map of 
Europe by Sir Roderi^ Murchison and Professor Nicol, that of 
America by Professor Rogers, Colonel Sabine's Map of Terrestrial 
Magnetism, the Distribution of Marine Animals by the lamented 
Professor Edwud Forbes, and the addition of a large General Index 
adds materially to the utility of this extensive Compendium of 
Natural Geography. 

TEE PHYSICAL ATLAS. 

FOR THE USE OF COLLEGES, ACADEMIES, AND FAMILIES. 

Reduced from the Imperial Folio. 

B7 A. KEITH JOHNSTON, F.B.S.E. ftc. 

This Edition contains 25 Maps, including a Palseontological Map of 
the British Islands, with Descriptive Letterpress, and a very copious 
Index. In Imperial Quarto, half-bo\md morocco, £2, 12s, 6d. 
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Four Sheets Imperial, beautifully printed in Colours, 

A &EOLO&IGAL MAP OF EUROPE, 

EXHIBITINO THE DIFFERENT SYSTEMS OF ROCKS, ACCORDING TO THE 
LATEST RESEARCHES, AND FROM INEDITED MATERIALS. 

By SIS & L HUSCmSON, D.C.L. 7.RS. ftc. 

Director-Geneial of the Geological Survey of Great Britain and Ireland ; 

And JAKES VIOOL, 7.E.S.K 7.G.8. 

Professor of Natural History in the University of Aherdeen. 

Constructed by AEX. KEITH JOHNSTON, 7.S.S.E. ftc 

Geographer to the Queen, Author of the ** Physical Atlas," dec. 

Scale, ^J^f^ of nature, 76 miles to 1 inch. 

Size, 4 feet 2 by 3 feet 5 inches. Price, in Sheets, £8, 8s.; 
in a Cloth Case, 4to, £3, 10s. 

PntST SKETCH OP A MW &EOIO&ICAL 

MAP OP SCOTLAETD. 

By SIB BODEBICK I. HUBCHISON, D.C.L. ftc. ; 
And ABCHIBALD GETKTE, 7.G.S. 

. ConBtmcted by A. KEITH JOHNSTON. 

Price 58. 

&EOLO&IGAL MAP OP SGOTLAIl). 

FROM THE MOST RECENT AUTHORITIES AND PERSONAL OBSERVATIONS. 

By JAKES NICOL, 7.B.S.E. ftc. 

Professor of Natural History in the University of Aberdeen. 

With Explanatory Notes. The Topography by Alexander Keith 
Johnston, F.R.S.E., &o. Scale, lO miles to an inch. 

In Cloth Case, price 21s. 

A SMAT.T. &E0I06HCAL MAP OP EMOPE. 

From Keith Johnston's School "Phtsioal Atlas." 
Printed in Colours, price Sixpence. 

A &EOI.O&IGAL MAP OP THE BMUSE ISLES. 

FROM THE SAME. 

Printed in Colours, price Sixpence. 
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GEOGBAPHICAL WORKS 



New and Enlaiged Edition, Impeiial 8vo, half-boimd. price 128. 6d. 

SCHOOL ATLAS OF CFEITEEAL AID 
SESGEIFTIYE &EO&RAFHY, 

KZHDRXirO THE ACTUAL AND COMPARATnnB SXTBHT OF ALL THE COUNTRIES 
IV TUB WORLD, WITH THEIR PRBSKHT POLITICAL DIVISIONS. 



Ckmstrncted with a 8X>ecial Tiew to the pmposes of sound instmction. 

CONTENTS* • 



Map 



The World in Hemispheres, with 
Tables of the Heights of Moun- 
tains and Lengths of Bivecs. 

5. Europe. 

8. England and Wales. 
4. Scotland. 

6. Ireland. 

6. Belgium and the Netherlands. 

7. Denmark. 

8. France (In Provinces and Depart- 

ments). 
0. Switzerland. 

10. Western Germany and Prussia. 

11. Austrian Empire. 

12. Italy. 

13. Spain and PortngaL 



Map 

14. Turkey and Greece. 

15. Sweden and Norway. 

16. Bussia and Poland. 

17. Asia. 

18. India, Siam, and the Malay Penin- 

sula. 

19. Oceania (Australasia, Polynesia, 

dec.) 

20. Turkey in Asia, Persiai && 

21. Canaan or Palestine. 
8S. Africa and Arabia. 

23. North America. 

24. United States and Canada. 

25. Central America and West India 

Islands. 
20. South America. 



New and Enlarged Edition* Imperial 8yo, half-bound, price 12s. 6d. 

SCHOOL ATLAS OP FITSIGAL &E0&EAP1T. 

In this Atlas of Physical Qeogmphy the sulyect is treated in a more simple and 
elementary manner than in the previous works of the Author— the object beingto 
convey broad and general ideas on the form and structure of our Planet, and the 
principal phenomena affecting its outer crust. Printed in colours. 

CONTENTS. 

Plate 

1. Illustrations of Chartc^raphy and Climatography. 

2. Geological Map of Europe. 

3. . . . . of the British Isles. 

4. The Mountains, Table-Lands, Plains, and Valleys of Europe. 

6. . . . . . . . . . of Asia. 

0. . . . . . . . . of Africa. 

7. . . . . . . of N. America. 

8. of S. America. 

9. Distribution of Earthquakes and Volcanoes over the Globe. 

10. Chart of the Ocean-Currents of the World. 

11. The Principal Lakes of the Globe, showing their comparative Sizes, 

Depth, AC. 

12. Chart of the Biver Systems of the World. 

IS. Glimatological Chart, showing the Temperature of the Globe. 

14. Map of the Constant and Penodical Winds of the Globe. 

15. The Distribution of Bain imd Snow over the Globe. 

16. Map of the Distribution of Vegetable Life over the Globe. 

17. . . . . of Animal Life 

18. of the Different Baces of Man. 

19. Map showing the Distribution and Extent of the Different Forms of 

Beligion over the Globe. 
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New and Enlaiged Edition, Imperial 8yo» half-boand, 128. 6d. 

SCHOOL ATLAS OF CLASSICAL &EO&EAPEI. 

COMPRISING, IK TWENTY PLATES, MAPS AND PLANS OF ALL THE IMPORTANT 
COUNTRIES AMP LOCALITIES REFERRED TO BY CLASSICAL AUTHORS. 

Constracted fh>m the best Materials, and embodying the Besults of the most 
recent InvestlgatioiiB. With an Index. 

Map CONTENTS. * 

1. Flan of Rome, and Illustrations of Classical Sites. 

2. Orbis Terrarom (et Orb. Homeri, Herodoti, Democriti, Strabonis, Ptole* 

meei). 

3. EUspania. 

4. Oalfia. 

6. InsolsB Britaimi08B(et Brit Strabonis, Brit. Ptolenuei, &c.) 

6. Germania, Vindelicia, Rhstia, et Noricum. 

7. Pannonia, Dacia, Illyricmn, Moesia, Macedonia, et Thracia. 

8. Italia Superior et Corsica. 

9. Italia Inferior, Sicilia, et Sardinia (et Campania, Syracnsse, Boma). 

10. Imperium Romanum (et Imp. Rom. Orient, et Occid.) 

11. Grecia (et Athense, Marathon, Thermopylse). 

12. Orecia a Bello Peloponnesiaco, usque ad Fhilipp. IL (et Mantinea 

Leuctra, Platsea). 

13. Asia Minor (et Campus Trojn, Bosporos, Troas Ionia). 

14. Syria et Palestina (et Hierosolyma, &c) 

15. Armenia, Mesopotamia, Babylonia, Assyria (et Iter Zenophontis). 

16. Regnum Alexandri Magni (et Granicus, Issus, Arbela). 

17. Persia et India (et India Ptolemsei). 

18. .Sgyptus, Arabia, et Ethiopia (et .dSgsrptus Inferior). 

19. Africa (et Carthago, Alexandria, Numidia, et Africa Propria). 

20. Europe, showing the general direction of the Barbarian Inroads dar- 

ing the Decline and Fall of the Roman Empire. 
Index. 

In Imperial 8yo, half-bound, price 12s. 6d. 

SCHOOL ATLAS OP ASTROUOMT. 

Edited by J. E. HIHD, Esq., 7.B.A.S., ftc. 

With Notes and Descriptive Letterpress to each Plate, embodying all recent 

Discoveries in Astronomy. 
Sixteen Maps, printed in colours, by a new prooess. 

Hap CONTENTS. 

1. The Celestial Sphere— Refhustion—PaFallax— Aberration of Light— Phases 

of the Moon— of the Inferior Planets, and of Saturn's Ring. 

2. Axial Rotation of the Earth— Day and Nightr— Her Annual Revolution in the 

Ecliptic— The Seasons— The Tides. 
8. The Solar Spots— Rotation of the Sun— His apparent magnitude from the 
various Planets— The Zodiacal Ught 

4. Telescopic appearance of the Moon. 

5. Eclipses of the Sun, and Phenomena attending them. 
8. Eclipses of the Moon. 

7. The Solar or Planetarv System. 

8. Position of the Earth in the Solar System. 

9. Transits of Mercury^Telescopic appearances of the Planets— Thefr relative 

dimensions. 
10. The Comet. 
IL Double Stars— Bhiarv Systems— Coloured Stars— Clusters— Distribution of 

the Stars— The Via Lactea. 
12. NebulflB. 
13 to 18. Maps of the Stars. 

Separate Maps of the Oenerdk CUusUxd, and Physical AtUues, price Od.; 
Cifthe Astronomical^ price Bd. each. 
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GEOGRAPHICAL WOBKS 



New and Cheaper Edition, demj 8vo, price 5fl., half -bound, 

ELEMENTMT SCHOOL ATLAS OP eHITEEAL 
AJO) SESGEIFTrOI &EO&&APST. 

FOB THE USE OF JUMOB CLASSES. 



Including a Map of Canaan and Palestine, and a General Index. 

CONTENTS. 



Map 
1. 



The World in Hemispheres, with 
TaUes of the Heights of Moun- 
tains and Lengtlis of Bivers. 

Europe. 

England and Wales. 

Scotland and Ireland. 
6. France (in Provinces and Depart- 
ments) and Switzerland. 

Belgium, Ketherlands, and Den- 
mark. 

Prussia and Western Germany. 

Austria. 

Italy. 



2. 
S. 
4. 



6. 

7, 

8. 
0. 



Map 

10. Spain and PortpgaL 
IL Ottoman Empire in BSniope and 

Asia. 
12. Sweden and Norway. 
1& Bussia and Poland. 

14. Asia and East India Islands. 

15. India — ^Australia. 

16. Africa and Arabia. 

17. North and Sontii America. 

18. United States and Canada. 

19. Central America and West India 

Islands. 

20. Canaan and Palestine. 



TWELVE OUTLINE PBOJEOTIONS, corresponding in 

Scale with the Plates of Keith Johnston's General Atlas—viz., 
Europe, Asia, Africa, North America^ South America, England, 
Scotland, Ireland, France, Spain^ Italy, and Palestine. iSioe &. 6d. 
Single Projections, Sd. eaclu 



OPINIONS REGARDING THE SCHOOL ATLASES. 



" They are as superior to all School Atlases within our knowledge, as were the 
larger works of the same Author in advance of those that preceded them."— -Zcfw- 
ecUioncU Timts. 

** Decidedly the hest School Atlases we have ever BeeiL'*^English Jourwd of 
BduoatUm. 

"... The Phystcal Atlas seems to us particularly well executed- . . . 
The last generation had no such help to learning as is afforded in these excellent 
elementarv maps. The Classical Atlas is a great improvement on what has usu* 
ally gone by that name ; not only is it fUUer, but in some cases it gives the same 
country more than once in different periods of time. Thus it approaches the 
special value of a historical atlas. ... The Oeneral Atlas is wonderftUly ftiU 
and accurate for its scale. . . . Finally, the Astrwumical Atlas, in which Mr 
Hind is responsible for the scientific accuracy of the maps, supplies an admitted 
educational want. No better companion to an elementary astronomical treatise 
could be found than this cheap and convenient collection of maps."— Scrfurday 
Beview. 

"The plan of these Atlasesis admirable, and the excellence of the plan is rivalled 
by the beauty of the execution. .... The best security for the accuracy 
and substantial value of a School Atlas is to have it from the hands of a man like 
our Author, who has perfected his skill by the execution of much larger works, 
and gamed a character which he will be careftil not to Jeopardise by attaching 
his name to anything that is crude, slovenly, or 8uperficial."--&ateman. 

Mr Johnston, whose labours in this department of science have won him 
great renown, has, by the publication before us (The School Physical AtUis), done 

much to facilitate and encourage the study of physical geography It 

consists of eighteen beautiful illustrations, exhibiting the leading natural character- 
istics of every portion of the globe Nothing could be better calcu- 
lated to illustrate the various elementary treatises on physical geography which 
have lately appeared."— ^tAeiuacm. 
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Being fhe Maps of KEITH JOHNSTOITS School AtUwei, on Large 
Paptr, and half-bound, ftill aiie, Imperial Quarto. 



PHTSIOAI &BO&RAPIT, 

ILLUSTBATIirO, IK A BSRIZS OT ORIGINAL DESIGNS, THE ELEMENTARY VACTS OF 
GEOLOGY, HYDROLOGY, METEOROLOGY, AND NATURAL HISTORY. 

In Imperial Quarto, half-bound morocco, price 2l8. In Portfolio^ with 
each Map separate, moimted on CaxiYass, price 168. 6d. 



CLASSICAL &EOGhEAFSY, 

COUPRISINO, IN TWENTY PLATES, MAPS AND PLANS Ot ALL THE IMVORTANT 
COUNTRIES AND LOCAUTIES REFERRBD TO BY CLASSICAL AUTHORS. 

In Imperial Quarto, half-bound morocco, price 21s. In Portfolio, with 
each Map separate, mounted on Canvass, price 16s. 6d. 

New and Enlai^ed Edition. 

eElOlRAL Ami DESCRIPTIVE &EO&MPHT, 

EXHIBITING THE ACTUAL AND COMPARATIVE EXTENT 07 ALL THE COUNTRIES 
IN THE WORLD, WITH THEIR PRESENT POLITICAL DIVISIONS. 

In Imperial Quarto, half-bound morocco, price 2l8. In Portfolio, with 
each Map separate, mounted on Canvass, price 16s. 6d. 



ASTROUOMT, 



COMPRISING, IN EIGHTEEN PLATES, A COMPLETE SERIES OP ILLUSTRATIONS OP 

THE HEAVENLY BODIES, DRAWN WITH THE GREATEST CARE FROM 

ORIGINAL AND AUTHENTIC DOCUMENTS. 

By ALEX. KEITH JOHNSTON, ;.B.8.E. ftc 
Edited by J. E. HIHD, 7.E.A.S. &c 

In Imperial Quarto, half-morocco, price £1, Is. 

*' To say that Mr Hind's Atlas is the best thing of the kind is not enough— it 
has no competitor." — Athenamm. 

** The Atlas is undoubtedly the most beautiful work of its class that has ever 
been published, and in several respects the most instructive." — The Astronomer 
Royal. 

*' I am delighted with the Atlas of Astronomy which has just arrived ; ... it 
is exceedingly valuable, both as a complete system of the science and as a work 
of art of the most perfect and beautiful kind ; indeed all your works, so emi- 
nently useful and admirable, do honour to our country."— ilfr« SommervUle. 
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COMPANION TO K£IT)I JOHNSTON'S ATlilSES. 

MAirirAI 01 iODEM &EO.&.EAPHT, 

HATHBaiAtlCAL, PHYSICAL, AND POLITICAL. 
EnibiaiCing a Complete Development of the River-Systems of the Globe. 

^ the Be?. ALEXAKBBB HACXA7, 7.R&S* 

Crown 8vo, with a very conplete Index, pp. 760, price 7s. 6d. bound. 

OPINIONS. 

Animal i4dre88 of the President of the Bmral Oeograpldeal Society (Sir 
Boderick I. Hnrcldson), 27th Hay 1861. 

We must admire the ability and persevering research with which he has suc- 
ceededln imparting to his Manual so much freshness and originality. In no respect 
is this character more apparent than in the plan of arrangement by which the 
author commences his description of the physical geography of each tract by a 
sketch of its true basis or geological structure. The work is largely sold in Scot- 
land, but has not been sufficiently spoken of in Eni^bnd. It is, indeed, a most 
useful school-book in opening out geograpnical knowledge. 

English Journal of Bdncation. 

Of all the Manuals on Gteography that have come under our not^ we place the 
one wboie title is given above m tAe first rank. For fulness of mformatiQii, for 
loiowledge of method in arrangement, for the manner in which the details are 
handled, we know of no work that can, in these respects, compete with Mr 
MiLckay's Manual. 

Saturday Beview. 
' Mr Mackay's Manual is meant to accompany the School General Atlas. It con- 
tains a prodigious array of geographical facts, and will be found useful for purposes 
of reference. 

Spectator. 

In the two essential pofaits of completeness and compactneaSi this is by far the 
best geographical Manual with which we are acquainted. ... Mr Mackay's 
Maniud fully deserves, and we heartily hope that it will meet with, a success com- 
mensurate with the vast amount of time and labour which he must have expended 
on its compilation. 

Daily Kews. 

This volume combines ftilness with compactness in an extraordinary degree. 
It is eminently practical in its arrangement, while ample care is taken through- 
out to place the facts in their scientific relation. . .. . The volume will be found 
very useAil either in the school or the counting-housab 

Critic. 

This is perhaps the most elaborate and careftilly-written text-book of geography 
which has ever come under our notice. D'Anville himself would, we ttunk, were 
he living, give it his meed of warm approbation. 

Educational Gnardian. 
A valuable companion and worthy addition to the series of Atlases by Keith 
Johnston, issued flrom the same establishment. .... Pupil-teachers, stu- 
dents in traiaing-doll^ges, Ac, will find it both interesting and valuaUe. They 
have here all they can, as students, ever require ; and, as a text-book, it may be 
recommended as bnng as ftr in advance of Comwell's and Sullivan% treatises as 
these were superior to the catechisms and gc^mmars which they have sup^cseded. 

AthensBnm. 

The plan upon which it is composed is good, great stress being laid upon 
physical geography, and the river-systems of the globe being completely developed 
in a manner never before attempted. 



W. BLACKWOOD & SONS, EDINBURGH AND LONDON. 



